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This outline of instruction, instructor guide, and 
student job sheets for a secondary- postsecondary-le vel course ia 
Drafting I are one of a number of military- developed curriculum 
packages selected for adaptation to vocational instruction and 
curriculum development in a civilian setting. Purpose stated for the 
sixty-three- hour course is to teach the student to use drafting tools 
and perform the techniques and procedures related to basic drafting. 
The plan of instruction suggests number of hours of classroom and 
practical experience time for nine lessons: Lettering, Technical 
Sketching, Geometric Construction, Orthographies, Sections and 
Dimensions, Auxiliary Projection, Isometric and Oblique Drawings, 
Reproduction Processes, and Tracing. The outline of instruction gives 
objectives; lists of texts, references, tools, equipient and 
materials, training aids and devices, and training aids equipment; 
and a taster schedule. Instructor guides provide lesson plans with an 
outline of instructional content, instructor and student activities, 
criterion objectives, tests, and review guestions and answers. Eight 
job sheets are provided. A required chapter from a recommended text 
is included; other military and commercially published bDOks, slides, 
transparencies, and films are suggested. (TLB) 
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MILITARY CURRICULUM MATERIALS 

The military-developed curriculum mate r ials in this course 
package were selected by the National Center for Research in 
Vocational Education Military Curriculum Project for dissem- 
ination to the six regional Curriculum (Ordination Centers and 
other instructional materials agencies. Hie purpose of 
disseminating tltese courses was to make curriculum mat er ials 
developed by the military more accessible to vocational 
educators in the civilian setting. 

The course materials were acquired, evaluated by project 
staff and practitioners in the field, and prepared for 
dissemijiation . Materials which were specific to the military 
were deleted, copyrighted materials were either emitted or appro- 
val for their use was obtained. These course packages contain 
curriculum resource materials which can be adapted to support 
vocational instruction and curriculum development. 
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The National Center 
Mission Statement 



The National Center for Research in 
Vocational Education's mission is to increase 
the ability of diverse agencies, institutions, 
and organizations to solve educational prob- 
lems relating to individual career planning, 
preparation, and progression. The National 
Center fulfills its mission by: 

• Generating knowledge through research 

• Developing educational programs and 
products 

• Evaluating individual program needs 
and outcomes 

• Installing educational programs and 
products 

• Operating information systems and 
services 

• Conducting leadership development and 
training programs 

FOR FURTHER INFORMATION ABOUT 

Military Curriculum Materials 
WRITE OR CALL 

Program Information Office 

The National Center for Research in Vocational 

Education 
The Ohio State University 
1960 Kenny Road, Columbus, Ohio 43210 
Telephone: 614/486-3655 or Toll Free 800/ 
^ C 848-4815 within the continental U.S. 
:HJC 3 (wcept Ohio) 



Military Curriculum 
Materials for 
Vocational and 
Technical Education 



Information and Field 
Services Division 



The National Center for Research 
in Vocational Education 



Military 

Curriculum Materials 
Dissemination Is . . 



What Materials 
Are Available? 



How Can These 
Materials Be Obtained? 



an activity to increase the accessibility of 
military-developed curriculum materials to 
vocational and technical educators. 

This project, funded by the U.S. Office of 
Education, includes the identification ind 
acquisition of curriculum materials in print 
form from the Coast Guard, Air Force, 
Army, Marine Corps and Navy. 



One hundred twenty courses on microfiche 
(thirteen in paper form) and descriptions of 
each have been provided to the vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi- 
nation. 

Course materials include programmed 
instruction, curriculum outlines, instructor 
guides, student workbooks and technical 



Contact the Curriculum Coordination Center 
in your region for information on obtaining 
materials (e.g., availability and cost). They 
will respond to your request directly or refer 
you to an instructional materials agency 
closer to you. 
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Court* Otter iption 



Stud tots compitting thu short count will bt ebia to uat drifting tools ind perform tha technique* and Procedures ralttad to banc drafting. The count 
contains two units, but tht first unit on count orientation tnd safety was daltttd dut to nftrtnca* to military Proceckirts and organisation. Unit 2- 
Drafting 410.1 contains tht following nint tastons centring 63 noun of instruction* 



1 .2.1 Latttring (2 houn classroom, 2 noun practical 

1 .Z2 Basic Ttchnicai Sketching ( 1 hour classroom, 5 noun practical) 

1 .2.3 Geometric Construction (3 houn classroom, S houn practical I 

1 . 2.4 Orthographic Pro-action ( 2 houn classroom, 5 hours practical ) 

1 .2.5 Stctions and Oimtmtona (3 houn classroom, 6 houn practical) 

1 .2.6 Auxiliary Protection (2 houn classroom, 7 houn practical) 

1 .2.7 tsomttric and Oblique Drawing (3 houn classroom, 6 houn practical) 

1.2.8 Rtproductton Proc*ats II hour ciatsroom, 1 hour practical) 

1 .2.9 Tracing ( 1 hour ciatsroom, 8 houn practical) 

This courts contains both ttachar and studtnt materiel*. Printad instructor matarials includa an introduction to tha courts, an outftna of instruction: 
out lint of training objtctivts; lists of ttm, rsfartneat, tools, equipment and matarials, training aids and dtvicts, and training aids ec^rprntm: a masttr 
schtdula; and instructor gutdas. Tht instructor guidts contain ths Ittson olans with an out I lot of instructional contant. instructor acttvttits. studtnt 
activitits, critsrion obftctivas, tests, and rtvttw qutstions and answers. Studant matarials consist of sight job shttts. 

Tha taxt ustd for this count is a Navy Training Manual, £nginmnng Aid 3 & 2, NA VPEfiS 10S34-B. Tht approprists chapttn art providtd with 
this count. A commercially productd taxt is also rtcomrnenctd but not providtd. Fiwj military and 1 2 cOmmtrcitUy pubitshtd books an also 
recommended as rafsnncts. Tan slidts. 18 transparancits and ths following 7 films an recornmtndtd for ust with this count: 



SN-34A T«Squen and Trianglt. McGraw-Hill 

SN-35Aq Gtomttric Construction, McGraw-Hill 

MC-6792-A Engtnttnng Drawing. A uxiltary V itws 

MC-6794-A Enginttnng Drawing. Stctions and Convtmioni 

MC-6796*A Engm taring Drawing, Stltctions of Dimtnsions 

MC-6797-A Enginatring Drawing, Orthographic Projection 

MC-6797-C Pictorial Sketching 
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TITLE PACE 

TITLE: DRAFTING I 

COURSE: Special Construction Battalion Training (SCBT) Courta 420.1 
COURSE LENGTH: 64 Contact Hours 

TAUGHT AT: Naval Construction Training Cantar, Port Huanaaa, CA 93043 

Naval Construction Training Cantar, Gulf port, KC 39S01 

CLASS CAPACITY: Normal: 10 
Maxiaua: 12 
HinlMta: 6 

INSTRUCTOR REQUIREMENT PER CLASS: Class: 12:1 

Prsct: 12:1 

COURSE CURRICULUM MODEL MANAGER: Naval Construction Training Cantar, Port 

Huancaa, CA 93043 

QUOTA MANAGEMENT AUTHORITY: School at which taught. 

QUOTA CONTROL: School at which taught. 

AP PR0VAL/ IMPLEMENTATION DATE: CNTT ltr N335 :atb- 1500 Sar 33/515 dated 

25 Juno 19' 5 
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HOW T^USIMff STRUCTOg WIPES 

AS - Assignment Sheet 

JS - Job Sheet 

CS - Information Sheet 

Ci; - Class Notes 

OS - Operation Sheet 

T - Test 
FT - Final Test 
rR - Transparency 
DS - Diagram Sheet 
PS - Problem Sheet 

PT - Pretest 

PE - Performance Evaluation 
WS - Work Sheet . 
G - General (give a definition of item) 

to4 M «.*ri*la and aids is documented 

A complete listing of all supporting materiale ana aios 

with full descriptive titles In Annex, 

The in.tructor guides jr. ^g^S^TZ T^Tlt 
subject to p.r.on«lization by the ^^"^^^rwc.. la predion 
i, expected that the ^^^"S^S SlfSS ia.tructor will 
for annotating th. guide. It ^.£"?^J "ic that will <D craat. 
develop an appropriate introductiff for each ^ > r%Ut . thm 

intereat, (2) ahov the value of the "^^."^ ( J) co-unicat. th. 
topic to previous and future topic. introduction will th« 

.ff.ct for lt.ri.lng .pproprLt. to .«ch topic. 

Tht P... .« — lo—ctor ruld. cct.io. t h . follow, r-ctlo^l 

information: 

1. Topic of leaaon. 

2. Tine in period.. 

3 . References . 

4. Instructional Materiale. 

5. Instruction Aide. 

6. Objectives (Terminal and Enabling; . 

7. Topic criterion te.t (aa applicable). 

8. Homework assignment (when applicable). 

9. Tools and materials. 
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activities or .ethoUoloRy; the center coluan contain, recoe. 

learning activities. 

While the methodology end .tud«t iMndU ^^^JT^ * 
each instructor guide neve *™^^£^^J£*,* 
the lead school, those school, inple^tlnf tnis curxxc concmlyint 
to exerci.e creativity in designing learning ««ci.e. and conceiving 
method, and technique, to Met count objective.. 
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COURSE DATA PAGE 

rnURSE MISSION: To train selected Engineering Aids in the knowledge and 
COURSE MISSION. To^^ ^ ^ the personnel rating, and 

capability program for Engineering Aid Skill 420.1. 
PERSONNEL AND RATINGS ELIGIBLE: CA, CH, EACA through EA3 
OBLIGATED SERVICE: N/A 
NOBC/NEC: N/A 
PHYSICAL REQUIREMENTS : N/A 
SECURITY CLEARANCE REQUIRED: None 

PREREQUISITE TRAINING AND/OR BASIC BATTERY TEST ^^Sl^^ ^ 
Engineering Mathematics Skill Level 1 (400.1) or combined ARI/GCT score 

105. 

RELATED TRAINING: None 

FOLLOW-UP TRAINING: Drafting II, Course 420. 2A, B, C, D, E 

" !!^«.«l".M Su -« I «"^d Mt b, ?h. i«truct.r that 111 b. 
written topic tests. 



17 



1 



OUTLINE OF INSTRUCTION 



TOPIC UNIT 1 

INTRODUCTION 



CLASS PKACT TOTAL PAGE 



1.1.1 Registration and Orientation 



UNIT 2 

DRAFTING 410.1 

1.2.1 Lettering 

1.2.2 Basic Technical Sketching 

1.2.3 Geometric Construction 

1.2.4 Orthographic Projection 

1.2.5 Sections and Dimenstlons 

1.2.6 Auxiliary Projection 

1.2.7 Isometric and Oblique Drawing 

1.2.8 Reproduction Processes 

1.2.9 Tracing 
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* Total Periods Classroom 19 

* Total Periods Practical 45 
Total Hours for Course 64 
Total Weeks for Course 2 Weeks 



* All periods represent 60 minutes of actual instruction. 
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OUTLINE OF TRAINING OBJECTIVES 



Unit 1.1 INTRODUCTION Contact Hours; 1 

Terminal Objective: Upon completion of this unit the student will have 
registered for the course, received text books, compiled with NAVCQNSTRACEN 
and CBC regulations governing the reporting and fighting of fires which par* 
tain to him as a SCBT student. 

Topic 1.1.1 REGISTRATION AND ORIENTATION Contact Hours: 1 

Enabling Objectives: Upon completion of this topic the student will be 
able to answer orally specific questions pertaining to the mission, 
regulations and organisation of the Command, and the method of reporting 
and fighting fires as established by NAVCONSTRACEN and CBC regulations. 
This topic is not meant to be restricting. 

Unit 1.2 DRAFTING Contact Hours: 63 

Terminal Objective: Upon completion of this wit the student will be able 
to use the tools of a draftsman and perform the techniques and procedure- 
related to basic drafting. All problem solutions submitted by the student 
as his finished pro4mct will meet the minimum requirements of Evaluation 

Guide SCBT 420.1 EA EG 1.2.0.1 

Topic 1.2.1 LETTERING Contact Hours: 4 

Enabling Objective: Upon completion of this topic the student will be able 
to complete three free-hand lettering exercises using single-stroke Gothic- 
style lettering of proper size, spacing and opaqueness. Individual instructor 
guidance , commercial lettering books, and examples of notations made on sample 
drawings may be utilized in the performance of the requirements of this 
topic. The lettering exercises submitted by the student as his finished 
product will meet the acceptable standards of SCBT 420.1 EA EG 1.2.0.1 for 
uniformity, size, spacing of letters, word* and sentences, and opaqueness. 

Topic 1.2.2 BASIC TECHNICAL SKETCHING Contact Hours: 6 

Emabling Objectives: Upon completion of this topic the student will be 
able to make free-hand technical sketches from objects, notes and verbal 
descriptions that can be used to develop descriptive construction and shop 
drawings. Student textbooks, coimaercial technical sketching publications 
and the guidance of the instructor may be utilized in the performance of the 
requirements of this topic. All sketches submitted by the student as his 
finished product will be of proper proportions to represent the object 
sketched and contain opaque visible lines as well as proper shading or ren_- 
derinp sufficient enough to make a legible Diazo reproduction. 
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Topic 1,2,3 GEOMETRIC CONSTRUCTION Contact Hours: 8 

Enabling Objectivea: Upon completion of thla topic the student will be able 
to construct two plana gaoMtric figures that include circular and curved 
surfaces, using standard drafting instruments. Textbooks » other drafting 
publications and instructor guidance may be utilized in the performance of 
the requirements of this topic. Templatea,- however, may not be used. All 
figures submitted by the student aa his finished assignment will meet the 
acceptable standards of SOT 420.1 EA EG 1.2.0.1 for visible lines, tangents, 
format, accuracy and solution and of en opaque-quality sufficient enough to 
make a legible Diaso reproduction. 

Topic 1.2.4 ORTHOGRAPHIC PROJECTION Contact Hours: 7 

Enabling Objectives: Upon completion of this topic the student will be 
able to construct two, three-view orthographic drawings of mechanical 
amd construction objects following the fundamentals of orthographic 
projection while using standard drafting instruments. Textbooks, other 
drafting publications or references as well as instructor guidance are 
encouraged in the completion of the requirements. Tracing of a completed 
orthographic drawing, other than one executed by the student, and the use 
of templatea are not acceptable drawing procedures . All drawings auhadtted 
by the student as his finished aaaignment will meet the acceptable standards 
of SCBT 420.1 EA EG 1.2.0.1 for visible lines, line conventions, tangents, 
format, accuracy and aolution. In addition, all drawings must be of opaque* 
quality sufficient enough to make a legible Diaso reproduction* 

Topic 1.2.5 SECTIONS AND DIMENSIONS Contact Hours: 9 

Enabling Objectives: Upon completion of this topic the student will be 
able to construct three sectional views of mechanical and construction 
objects with dimensions and notes as specified for mechanical and construc- 
tion drawings while using standard drafting instruments . Tracing of a 
completed drawing other than one executed by the student end the use of 
templates are not acceptable drawing procedures. The drawing submitted 
by the student as his finished assignment will meet the acceptable stand- 
ards of SCBT 420.1 EA EG 1.2.0.1 for all 10 parte of a drawing and of 
an opaque-quality sufficient enough to make a legible Diaso reproduction. 
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Topic L.2.6 AUXILIARY PROJECTION Contact Hours: 

Enabling Objectives: Upon completion of this topic the student will be 
able to construct a two-view orthographic drawing of a structure with an 
accompanying auxiliary view following the fundamentals of orthographic 
and auxiliary projection while using standard drafting instruments . The 
figures of the drawing are to be annotated with dimensions and notes as 
specified for construction drawings. Individual Instructor guidance, 
textbooks and other drafting publications may be utilized. Tracing of 
completed drawing other than that executed by the student and the use 
of templates are not acceptable drawing procedures. The drawing sub- 
mitted by the student as his finished assignment will meet the acceptable 
standards of SCBT 420.1 EA EG 1.2.0.1 for visible lines, notes, line 
conventions, tangents, format, lettering, numerals and fractions, accuracy 
and solution and of an opaque-quality sufficient enough to make a legible 
Dlazo reproduction. 

Topic 1.2.7 ISOMETRIC AND OBLIQUE DRAWING Contact Hours: 

Enabling Objectives: Upon completion of this topic the student will be 
able to construct one isometric drawing, one oblique* cabinet drawing, 
and one oblique cavalier drawing of a mechanical and two construction 
objects following the fundamentals of isometric and oblique projection 
while using standard drafting instruments.- The drawings will be 
construction drawings. Examples of various isometric and oblique 
drawings found in reference material and textbooks and the guidance 
of the Instructor are encouraged in the performance of the requirements 
of this topic. Tracing of a completed drawing other than that executed 
by the student and the use of templates are not acceptable droving 
procedures. The drawings submitted by the student as his finished 
assignment will meet the standards of SCBT 420.1 EA EG 1.2.0.1 for 
visible lines, notes, line conventions, tangents, format, lettering, 
numerals and fractions, accuracy, and solution and of an opaque-quality 
sufficient enough to make a legible Biazo reproduction. 

Topic 1.2.8 REPRODUCTION PROCESS Contact Hours: 

Enabling Objectives: Upon completion of this topic the student will be 
able to fold and file prints as veil as operate a Dlazo reproduction 
machine to reproduce copies of his drawings completed and noted in the 
requirements of the previous topics of this unit. A minimum of one 
completed drawing or exercise from each topic noted is to be reproduced 
(except Topic 1.2.1 "Lettering"). He will be able to prepare the Dlazo 
reproduction machine for operation, operate the machine at the proper 
speed with the proper amount of developing agent to produce copies of 
his drawings to give a line resolution equal to the line value or 
opaqueness of the original drawings, and be able to secure the machine 
without damage to the exposure and developing sections of the reproduction 
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Topic 1.2.8 Reproduction Process (cont'd) 

machine. Students will fold a "F" size print to 8 1/2" X 11" following 

the procedures set forth in Engineering Aid 3 & 2, NAVPE1S 10634 -B with 
100 percent accuracy. 



Enabling Objectives: Upon completion of this topic the student will be 
able to trace drawings following the procedures set forth in the 
instructors guide. Individual instructor guidance and student tests 
can be utilized in the performance of the requirements of this topic. 
The tracing submitted by the student as his finished product will be 
100Z accurate for all details when compered with the original drawing 
and will meet the acceptable standards of SCBT 420.1 EA EG 1.2.0.1 for 
all 10 parts of a good drawing. 



Topic 1.2.9 TRACING 



Contact Hours: 
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ANNEX I 



TESTS 

1. Engineering Aid 3 & 2, NAVPERS 10634-B Rett Training Manual, 
Washington D.C. , Training Publications Division of th* Naval Personnel 
Program Support Activity, 

2. Engineering-Technical Drafting and Graphics, J,V, Gianchlno and 
Henry J. Beulria, Pub: Chicago: American Technical Society, 1966 
2nd Edition. 
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ANNEX II 

REFERENCES 

1. MIL-STD-100A - General Drawing Practices 

2. MIL-STD-14A - Architectural Symbols 

3. MIL-STD-15-3 - Military Standard Electrical Symbols 

4. MIL-STD-17B-1 - Military Standard Mechanical Symbols 

5. MIL-STD-18A - Structural Symbols 

6. Standard Welding Symbols, AWS-A2, 0-68 

7. Architectural Graphic Standards, 5th Edition 

8. Engineering Aid 342, NAVPERS 10634 -B 

9. TM5-233 - Construction Surveying 

10. TM5-530 - Materials Testing 

11. Architectural Dreving and Light Construction by Muller 

12. Blueprint Reeding and Sketching, NAVPERS 10077C 

13. Engineering Drawing by French & Vierck, 10th Edition 

14. Architectural Drafting by Hornung 

15. TM5-230 - General Drafting 

16. MIL-STD-8C - Dimensioning 

17. Technical Drafting, Geske, Mitchell & Spencer 
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ANNEX III 

TOOLS, EQUIPMENT AND MATERIAL 
EQUIPMENT 

1. Diasit Space Saver Printer/Developer 

2. Diatit Pump-It Ammonia Pump 



Four 


NMCB Draftsman Kits including the following items: 
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on 


COST 


COST 


90G 


5110-293-1585 


Knif* Crafts— a - Lt. Dty. 

MtALl , wlOi We IMAM , a*t»« ^ J * 


1 Sat 


70 


.70 


90L 5210-086-4988 


Tain* M#AA Fifty Ma trie 3M 


2 Ea. 


1 55 


3.10 


9GD 


6230-299-7771 




3 Ea. 


15 70 


47 .10 


9GD 


6675-042-9947 


Reservoir Pen Set, Drafts, 


2 Ea. 


18.10 


36.20 


9GD 


6675-184-5763 


Planiaeter 


1 Ea. 


71.00 


71.00 


9GD 


6675-190-5852 


Triangle 30/60D 12 Inch 


3 Ea. 


.44 


1.32 


9GD 


6675-190-5857 


Triangle 45D 6 Inch 


3 Ea. 


.14 


.42 


9GD 


6675-190-5858 


Triangle 30/600 6 Inch 


3 Ea. 


.20 


.60 


9GD 


6675-190-5864 


Triangle 45D 12 Inch 


3 Ea. 


.69 


2.07 


9GD 


6675-191-1502 


T-Square, Dbl. Hd, 36 Inch 


2 Ea. 


5.49 


10.98 


9GD 


6675-234-5099 


Scale, Draft, Architect 


1 Ea. 


6.00 


6.00 


9GD 


6675-238-3498 


Scale, Engr. Tri.12 


3 Ea. 


3.19 


9.57 


9GD 


6675-239-0614 


Straightedge, Cres. Drafts. 






9.76 


42 Inch 


1 Ea. 


9.76 


9GD 


6675-240-2049 


Dividers, Proportional 


1 Ea. 


14.50 


14.50 


9GD 


6675-243-6432 


Compass Beam Steel 


1 Ea. 


55.00 


55.00 


9GD 


6675-291-9382 


Line Guide, Lettering 


3 Ea. 


.54 


1.62 
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AN NEX III (Coot.) 

3. H'our NMUB Droftwmun KltM InctuulnK Cha foLlowtng itenut: (Cont.) 



9GD 6675-514-3519 


Triangle 45C 18 Inch 


2 Ha. 


2.05 


4.10 


9GD 6675-514-3537 


Curve, Draft, Irrag., 
Fr- #13 


2 Ea. 


.30 


.90 


9GD 6675-514-3542 


Triangle 30/60D 18 Inch 


3 Ea. 


1.10 


3.30 


9GD 6675-514-3544 


Protractor, 360 Dag. 8 Inch 


3 Ea. 


1.30 


3.90 


9GD 6-75-514-3549 


Seal a, Arch. Tri. 12 Inch 


3 Ea. 


1.93 


5.79 


9GD 6675-550-7036 


Drawing Board, 60X42 


3 Ea. 


62.00 


186.00 


9GD 6675-551-0786 


Lat taring Sat 


1 Ea. 


37.40 


37.40 


9GD 6675-641-3529 


Drafting Instrument Sat Fid 


2 Sat 


9.02 


18.04 


9GD 6675-641-5727 


Scale, Draft. Metric, 2 Bvl 
30 CM and 12 Inch, Grad. Lth 


3 Ea. 


3.25 


9.75 


9GD 6675-827-2073 


Parallel Straightedge, 48 


3 Ea. 


15.20 


45.60 


9GD 6675-847-0222 


French Cruve 


3 Ea. 


.73 


2.19 


9GD 6675-847-0224 


Curve, Draft, Irrag. Fr. #34 


3 Ea. 


.86 


2.58 


9GD 6675-926-4330 


Template, Set, Plat, Draft. 


1 Sat 


20.40 


20.40 


90G 7490-770-7955 


Eraser, Electric 


3 Ea. 


16.88 


50.64 


70L 7510-CC0-4288 


Eraser, 7 In. Vinyl, for 
Electric Eraser 
7490-770-7955 


1 Dz. 


1.15 


1.15 


90G 7510-161-5660 


Penholder, Blk, Cork Grip 


1 Dr. 


.96 


.96 


QOT 7S1 fi-1 8Q-7877 




1 Dz. 


.35 


.35 


90G 7510-189-7878 


Pencil, HB 


1 Dz. 


.35 


.35 


90G 7510-189-7880 


Pencil, 2H 


1 Dz 


.35 


.35 


90G 7510-189-7881 


Pencil, 3H 


1 Dz. 


.35 


.35 


90G 7510-198-5831 


Tape, Pressure, Draft 1 In. 


6 Rl. 


.31 


1.86 


90G 7510-224-6744 


Ink, Draw. Blk 


1 Oz. 


.13 


.13 
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nmnki in (Coct.) 

3. Four HHCB Dnftmn Kits Including tho follovi 
90C 7510-224-7242 ShUld, Eraaor, Stl 

70L 7510-229-8732 BrMlnt "uid, F/Sonfitlvo, 

D Papor, 2 Solution Sot 

90G 7510-233-0570 Ink, Drawing, Cawino 

90G 7510-237-4926 Poncil Polntor 

9007510-237-7043 Ink, Drawing, Groon 

90G 7510-164-4614 Poncli, H. 

90G 7510-272-9820 Load Poncil, Dug. Blk. 3R 

7CL 7510-281-2134 Load Poncil, Dwg. Ilk. HB 

90L 7510-285-5863 Load Poncil, Dwg. Blk. 3S 

90L 7510-285-5864 Load Poncil, Dwg. Blk. 4H 

90L 7510-285-5865 Load Poncil, Dwg. Blk. F 

90V 7510-285-5866 Load Poncil, Dwg. Blk. H 

90C 7510-551-9825 Tapo, Prooouro Sona. Tranap. 

3/4 In. X 36 Td for uao In 
Diapoaaor 7520-240-2408 

90G 7510-558-2422 Cloanor Pan 6 Ox. 

90G 7510-579-8551 Eraaor, Laad 

90G 7510-634-3513 Bofill, Eraaor Bloc. 

90G 7510-634-5035 Eraaor, Poncil 

9GH 7510-960-9286 Pad, Dryc loan lag , Drafts 

90G 7520-162-6178 Sharponor, Poncil 

90G 7520-224-7593 Sharponor, Poncil, Draft 

90G 7520-224-7621 Trianor Paper 



ltoaa: 


(Cont.) 




I Da. 


.61 


.61 


1 0a. 


1.05 


1.05 


3 0a. 


.13 


.39 


3 Ba. 


.10 


.30 


1 0c. 


.13 


.13 


1 Da. 


.35 


.35 


2 Pg. 


.15 


.30 


6 Bx. 


.44 


2.64 


6 Pg. 


.15 


.90 


24 Pg. 


.15 


3.60 


24 Pg. 


.15 


3.60 


2 Pg. 


.15 


.30 


12 Bl. 


.27 


3.24 


3 Jr. 


.30 


.90 


1 Da. 


.60 


.60 


1 Gr. 


1.66 


1.66 


1 Aw 
1 UZ • 




.49 


12 Ea. 


.55 


6.60 


1 Ea. 


1.44 


1.44 


1 Ea. 


1.49 


1.49 


1 Ea. 


29.36 


29.36 
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ANNEX III (Coat.) 

5. Four NMCB Droftovan Kits Including tho following ittao: (Cont.) 



90G 7520-240-2408 


Disponsor, Ptm. Sons. 
Tap* 


1 Ea. 


1.70 


1.70 


90L 7520-551-3654 


Hoi dor, Droving, Lood 


12 Ea. 


.69 


8.28 


90L 7520-551-5227 


Slido Eulo, LogLog lOlg 


2 Ea. 


9.48 


18.96 


90C 7520-827-2067 


Pointor, Load, P/Draft. 
Pud 


3 Ea. 


9.58 


28.74 


90G 7530-286-6909 


Papor, Graph 


1 El. 


2.63 


2.63 


90G 7530-286-7762 


Papor, Tracing, 42"X50 Td. 


3 El. 


8.86 


26.58 


90L 7530-290-5024 


Paper, Graph, Profilo, 
Tra. Wh w/orango lino*, 
22 In vido by 50 yd lg. 


1 El. 


3.50 


3.50 


90G 7530-616-7245 


Papor, Plan Profilo 


1 Ed. 


20.29 


20.29 


90G 7530-985-7266 


Papor, Droving, 36" X 10 Td 


1 El. 


2.32 


2.32 


90G 7920-291-5812 


Brush., Dust , Draftsman 


3 Ea. 


.68 


2.04 






Total 


Valuo: 


839.00 
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AO 

AXXEX IV 

TRAIHIMG AIDS AMD DEVICES 



fliM: 




1. 


SN-34A 


T-Square and Triangle, McGraw-Hill 


£ • 




Geometric Construction. McGraw-Hill 






Enginaaring Drawing , Auxiliary Viawa, B4W, (23 aln.) 


4. 


MC-6794A 


Englnaaring Drawing, Sactiona and Convantlona , B4W, 
(15 nin.) 


5. 


MC-6796A 


Englnaaring Drawing, Salaction of Dlavenelona (18 nin 


6. 


MC-6797A 


Enginaaring Drawing, Orthographic Pro J action, B4W, 
(18 nin.) Obaolata 


7. 


MC-6797C 


Pictorial Skatching 


Slidea: 




1. 


091791 


Orthographic Drawing, Part 1, Sat 4, McGraw-Hill 


2. 


091792 


Dimensioning, Part 1, Sat 4, McGraw-Hill 


3. 


091793 


Auxiliary Viawa and Ralatad Construction, Sat 4, 
McGraw-Hill 


4. 


091794 


Orthographic Drawing, Part 2, Sat 4, McGraw Hill 


5. 


091795 


Dimensioning, Part 2, Sat 4, McGraw-Hill 


6. 


091796 


Sactional Viawa, Sat 4, McGraw-Hill 


7. 


65618 


Scalaa, Sat 3, McGraw-Hill 


8. 


65619 


Compass and Bow Instruments, Set 3, McGraw-Hill 


9. 


65620 


Freehand Lettering, Set 3, McGraw-Hill 


10. 


65623 


Isometric Drawing, Set 3, McGraw-Hill 
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ANNEX IV (Coat.) 
C . T ranepareoc Us : 

1 . I ICS5-15U-U5T-1 

2. ||CS-l'' r 'l-U5T-2 

3. 11CS-1551-115T-3 

4. 11CS-1551-115T-4 

5. 11CS-1551-115T-5 

6. 11CS-1551-115T-6 

7. 11CS-1551-U5T-7 



0 Lasecting A Line 

CcinN true ting Parallel lines 

Constructing A Hexagon 

Constructing k Regular Hexagon - 
Across Tha Flats 

Constructing an Octagon In A Square 

Constructing An Irregular Polygon - 
Give Ona Side 

Constructing A Circle Tangant To A 
Given Llna Passing Through A Given 
Point 



8. 


11CS-1551-115T-8 


Constructing An Ellipse - 4 Center Method 


9. 


11CS-1551-115T-9 


Constructing A Reverse Curve (Ogee) 


10. 


11CS-1351-1!5T-10 


Bisecting A Line 


11. 


11CS-1551-U5T-11 


Bisecting An Angle 


12. 


11CS-3540-117T-1 


Sketching All Necessary Views 


13. 


11CS-5600-101T-5 


Photoconposlng Machine 


14. 


11CS-5600-101T-6 


Xerox 720 


15. 


11CS-5600-101T-7 


Oselid Streamliner 


16. 


11CS-5600-101T-8 


Thermo fax Machine 


17. 


11CS-10290.101T-1 


T-Square, Jacoba and Drafting Machine 


18. 


11CS-10290.104T-1 


Variations of Ruling Pens 


Locally Prepared Material; 




1. 


Evaluation Guide, SCBT 


420.1 EA.EG,l,2.a,l 


2. 


Job Sheets 






a. SCBT 420. 1 EA.JS.l 


,2.1.1, "Lettering" 




b. SCBT 42a. 1 EA.JS.l 


.2.2.1, "Technical Sketching" 



A-IV-2 
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ANNEX IV (Cont.) 

0. Locally Praparad Matarial: (Cont.) 

c. SCBT 420.1 EA.JS.1.2.3.1, "Gaomatric Construction" 



9 

ERLC 



d. SCBT 420.1 EA.JS.1.2.4.1, "Orthographic Projaction and 

Drawing" 

a. SCBT 420.1 BA.JS.1.2.5.1, "Sactioning and Dinauaioning" 

£. SCBT 420.1 BA.JS.1.2.6.1, "Auxiliary Projaction and Drawing" 

g. SCBT 420.1 EA.JS.1.2.7.1, "Iaonatric and Obliqua Projaction 

and Drawing" 

h. SCBT 420.1 BA.JS.1.2.8.1, "Baproduction Procaaa" 



A-IV-3 
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ANNEX V 

TRAINING AIDS EQUIPMENT 
1. Projectors: 

*. 16MM Motion Pictur* Projector 

b. 35MM Slid* Projector 

c. Overhead Projector 



32 
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ANNEX VI 

MAHTEB ftCHKDUlK 
SCBT 420.1 ENGINEERING AID 



FIRST WEEK 



TOPIC NO. 


TYPE PERIOD 


TITLE 


RATIO 


FIRST DAY 








1.1.1 
1.2.1 


C 1 
C 2 


Registration and Orientation 
Lettering 


12/1 
12/1 


1.2.2 


P 4 
C 6 


Basic Technical Sketching 


12/1 



SECOND DAY 
1.2.2 

1.2.3 

THIRD DAY 
1.2.3 



1.2.4 



FOURTH DAY 



1.2.4 



1.2.5 



8 
9 
10 
11 
12 
13 
14 



15- 

16 

17 

18 

19 

20 

21 



22 
23 
24 
25 
26 
27 
28 



Basic Technical Sketching 



Geometric Construction 



Geometric Construction 



Orthographic Projection 



Orthographic Projection 



Sections and Dimensions 



12/1 



12/1 



12/1 



12/1 



12/1 



12/1 
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A- 71-1 




AMNhX VJ: (Cont'd) 
FIRST WEEK (Cont'd) 
TOPIC NO TYPE PERIOD 



FIFTH DAY 



1.2.5 



C 
P 



SECOND WEEK 
FIRST DAY 
1.2.5 

1.2.6 



SECOND DAY 
1.2.6 



1.2.7 

THIRD DAY 
1.2.7 



C 
P 



C 
P 



29 
30 
31 
32 



1 
2 
3 
4 
5 
6 
7 



8 
9 
10 
11 
12 
13 
14 



15 
16 
17 
18 
19 
20 
21 



TYPE 



Sections and Diaensions 



Sections and Dimensions 

Auxiliary Projection 



Auxiliary Projection 



Isometric and Oblique Drawing 



Isometric and Oblique Drawing 



RATIO 



12/1 



12/1 

12/1 
12/1 



12/1 



12/1 



12/1 
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ANNEX VI (Cont'd) 
TOPIC NO . TYPE 
FOURTH DAY 



1.2.8 
1.2.9 



FIFTH DAY 
1.2.9 



C 
P 
C 
P 



PERIOD TITLE 



22 
23 
24 
25 
26 
27 
28 



29 
30 
31 
32 



Reproduction Process 
Tracing 



RATIO 



12/1 
12/1 
12/1 



Tracing 



12/1 
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SCBT 400-490 EA IG 1. 1.1 



NAVAL CONSTRUCTION TRAINING CENTER 
PORT HUENEME, CALIFORNIA 93043 
ENGINEERING AID SCBT 400-490 



Clas s if i ca c ion : Unclassified 

Topic: Introduction and Safety 

Average Time: 1 Period (Class) 

Instructional Materials: 
A. Texts: None 



B. References: 

1 . :^VC0N5 



YRACEN Instruction 5400.4 (Current Series), 
at ion Manual of NAVCONSTRACEN 



2, 



Saxety 
(Jar. 7 3 



Practices for Shore Activities", NAVMAT P-5100, 



Terminal Objective: Upon completion of this unit 
the student will have registered for the course, 
received text books, cosiplied with NAVCONSTRACEN 
and CBC regulations governing the reporting and 
fighting of fires which pertain to him as a SCBT 
student. 

Enabling Objective? * Upon completion of this topic 
the student will be able tc answer orally specific 
questions pertaining to the mission, regulations 
and organization of the Coamand, and the method of 
reporting and fighting fires as established by 
NAVCONSTRACEN and CBC regulations. 

Criterion Tests: The student will answer orally 
specific questions pertaining to the mission, 
regulations and organisation of the Coamand, and 
the cethod of reporting and fighting fires as 
established by NAVCONSTRACEN and CBC Regulations. 



Homework: None 
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OUTLIKE OF INSTRUCTION 
I. IMTRODt'CTIOS TO THE LESSON 
A. Establish Contact. 

1 • N 



9 
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2. Topic: Introduction and Safety 
Establish Readiness 

1 . Purpose 

2. Assignment 
Establish Effect 
1 . Value 

a. Pass course. 

b. Perform better on the job. 
Overv iew: 

1* Ycu -ill be able to answer orally specific 
•questions related to the mission, regula- 
tic .s :ind organization of the Command, and 
tiie methods of reporting and fighting a fire 
ai established by NAVCONSTRACEN and CiJC r*g- 
'j.Uticns. 



2. 
3 



Ask questions. 
\a<z no res 
Tes' ible 



INSTRUCTOR ACTIVITY 



SCBT 400-490 EA IG 1.1.1 
STUDENT ACTIVITY 



1. Introduce self and topic. 



2. Motivate student. 



3. Bring out need and value 
of material being presented. 



4. State learning objectives: 

a. State information md 
materials necessary to guide 

student . 
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SCBT 400*490 EA IG XXI 

OUTLINE Of IXST1DCTI0M INSTRUCTOR ACTIVITY STUDENT ACTIVITY * 

II* PRESENTATION: 
A. Introduction 

1. Mission 

a. Special training courss 

b. Higher stats of rssdintss, 

c. Complianca with COMCBPAC Instruction. 

2. Organisation and Chain of Cnund 

a. Commanding Officsr 

b. Exscutivs Officsr 

c. Training Officer 

d. School Department Officer 

e. Division Director 

f. Senior Instructor 
h. Class Petty Officer 

3. Regulations and policies 

a. Break procedures 

b. Uniform regulations 

41 

(1) Working uniform of the day. 



ERIC 



(a) Must be neat and clean. 

f r 40 < 3 of 7) 



J0 



SCBT 400-490 EA IG 1 LI 

OUTLINE OF INSTRUCTION INSTRUCTOR ACTIVITY STUDENT ACTIVITY 

c . Absenteeism 

* 

(1) Must be kept to a minimum, 

(2) Medical or dental sick call. 

(3) Permission to be absent. 
£ . Parking 

(1) Where 

(2) When 

(3) How 

e. Visitors and phone calls 

(1) Emergencies only. 

(2) Phone numbers 

(a) School number 
: . Lost or damaged material 

(1) Text books 

(2) Publications 

(3) Tools 

(4) Materials 

(5) Statement of charges 



42 

q c , Clean-up procedures 
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OUTLINE OF INSTRUCTION 

h . P rob leu 

(1) Scholastic 

(2) Personal 

(3) Counseling assistance 

4. Standards of student performance 

a. Written examinations 

b. Homework assignments 

c. Practical application 

5. Course outline 

a. Course mission 

b. Course objectives 

c. Reading assignments 

d. Class schedule 

6. Grading system 

a. Homework 

b. Practical application 

c. Quizzes 

d. Weekly tests 

q A 4 • • Final examination 

ERIC 
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SCBT 400-490 EA IG 1.1.1 
INSTRUCTOR ACTIVITY STUDENT ACTIVITY 
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QUTLIht OF INSTRUCTION 
3. Safety 

1. Reporting accidents 

a. Class safety man 

b. Instructor 

c. School director 

d. First aid when appropriate. 

2. Fire safety 

a. Evacuation routes 

b. Reporting fires 

c. Fighting fire 

(1) Location of extinguishers. 
III. APPLICATION: 
A. Discussion 



IV. SVMKARY : 

A. Introduction 

1. Mission 

2. rganizatlon and Chain of Command 

3. Regulations and Policies 



INSTRUCTOR ACTIVITY 



SCBT 400-490 EA IC 1.1.1 
STUDENT ACTIVITY 



B.l.a. Pick safety man and 

explain job. 



Ill .A. Questions 



II I. A. Answers 



To be developed by the 
instruc tor . 
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OUTLINE OF INSTRUCTION 

4 . Standard* 

5. Course Outline 

6. Grading Systea 
B. Safety 

1. Reporting accidenta 

2. Fire aafety 
V. TEST: 

A. None 




INSTRUCTOR ACTIVITY 



SCBT 400-490 EA IG 1.1.1 
STUDENT ACTIVITY 
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SCBT 420.1 IA IG 



si 

1,2.1 



NAVAL C O NS TRUCT I ON TEAMING CEHTEE 

pout mm, Cttwm 93043 

SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 420.1 



o 50 
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Classification; Uaclaeaified 
Topic: Lst taring 

Average Time: 2 Pariods (Class) 2 Psrioda (Pract) 
Instructional Matariala: 

A. Teste t 

1.. Engineering Aid 3 4 2, HAVPERS 10634-B 
2. Engineering-Technical Drafting 4 Graphics. 

B. Rafarancaa; 

1. Archltactural Drawing & Light Construction. 

2. Drawing and Spacif icatione, NAVFAC DM-6. 

3. Architactural Graphic Standards. 

4. MIL-STD-100A. 

C. Tools, Equipment and Materials: 
1. Equipment. 

a. T-aquare. 
b • Triangle . 

(1) 30° /60°. 

(2) 45° 



Terminal Objective: At the completion of thie unit the 
student will be abls to uee the tools of e draftsman and 
perform the techniques and procedures related to basic 
drafting. All problem solutions submitted by the students 
aa hie finished product will meet the minimus requirements 
of Evaluation Guide SCBT 420.1 IA 16 1.2.0.1. 



Enebllng Objectives: Upon completion of thie topic the 
student will be able to complete two freehand lettering 
exercises using single-stroke Gothic-style lettering of 
proper else, epsctng, and opequeneee. Individual Instructor 
guidance, commercial lettering booka, and examples of no- 
tat iona made on esmple drawings may be utilised in the 
performance of the requirements of this topic. Ths 1st* 
taring exercises submitted by the students aa hie fin- 
is had product will meet the acceptable standards of SCBT 
420.1 BA BG 1.2.0.1 for uniformity, else, spacing of 
lettere, worde and ssntences, and opequeneee. 



Criterion Teet: The etudent will demonetrata hie ability 
to latter freehand and uaing a lettering aat by completing 
the requirements of Job Sheet SCBT 420.1 EA JS 1.2.1.1 
"Freehand and Mechanical Lettering 11 . 



Homework: None 
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c • hndi curve • 
d. Scalaa. 

(1) Civil nilnttn. 

(2) Architects, 
a. Drafting eat. 

f. Erasing ahlald. 
g* La t taring guide, 
h. Dusting brush . 
1. Pencil pointer, 
j. La ad holder* 
k. Drawing table. 
1. Templates. 

(1) ABC. 

(2) Circle, 

(3) Isometric, 
m. Protractor. 

n. Ames lettering set. 
o- Leroy lettering set. 
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SCBT 420.1 EA IC 1.2.1 
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2. Materials. 

*• Drawing pencils (assorted). 

b. Drawing paper. 

(1) Tracing p#per. 

(2) Coordinated papar. 

c. Masking tapa. 

d. Eraaara. 

(1) Pink paarl. 

(2) Ar ^ 
a. Drawing leads. 

(1) H 

(2) HB 

(3) F 

(4) 2H 

(5) 4H 

f. Drafting ink. 
D. Training Aids and Devices: 
1. Slides. 

a. 65618 - Scales, Set 3 

b. o5619 - Compass and Bow Instruments, Set 3. 




SCBT 420.1 1A 16 ..2.1 



3£ 
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e. 65620 - Freehand Uttering* Set 3. 
Treneperenciee • 

11CS-10290.101T-1 T-equare, Jacob., and Drafting Machina. 
bi HCS-10290.104T-1 Variations of Ruling Pane. 
Locally Prepared Materials: 
a. Job Sheet. 

(1) SCBT 420-1 EA JS 1.2.1.1 "Freehand and Machanical Lettering" 
* u . Evaluation Guida. 

(1) SCBT 420.1 EA EG 1.2.0.1 
Tr airing Aids Equipment: 
a. Projectors. 

(1) Overhead. 

(2) 35m slide. 

(3) 16 no movie. 
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OOTUHE OP asntucnoH 

I* Introduction to the lesson. 

A. Establish contact. 

1. Name. . 

2. Topic: Lettering. 

B. Establish Readiness. 

1. Relets to the need of lettering. 

2. Leroy lettering is used extensively. 

C. Estsbllsh effect. 

1. Lettering can make or break a job. 

2. Mechanical aids can be quite a time saver. 

D. Overview. 

1. You will be able to: 

a. Letter freehand using proper letter 
shape, spacing, slants, uniformity, 
and neatness. 

b. Letter mechanically, using a lettering 
set, meeting the same requirements as 
for freehsnd lettering. 

2. Ask questions. 

3. Take notes . 

4. Testable information. 



asnuciot activity 



SCBT 420.1 EA IG 1.2.2 
STUDENT ACTIVITY 



I. A. Introduce self and topic. 



I.B. Bring out need and value I.E. Participate In 
of material being presented. claas discussion. 



I.C. Stste thst first portion 
of lecture will Include intro- 
duction to tools, equipment, 
materials, snd procedures used 
by draftsmen. 

I.D. Instruct students to tsk? 
notes either using handouts or 
scratch paper. 

I.D. 4. Instruct students to take notes 
either using handout or scratch paper. 
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OUTLINE OF INSTRUCTION 



INSTRUCTOR ACTIVITY 



SCBT 420.1 SA IC 1.2.1 
STUDENT ACTIVITY 



ERIC 



II. Presentation. 
A. Text. 

1. Definition* 



a. A book used as a standard work or 
basis of Instruction in any branch 
of knowledge . 



2. 



Exaaples . 

a. Engineering Aid 3 & 2. 

b. Drafting and Graphics. 
B. Standards . 

1. Definitions. 

a. An authoritative mbdel for guidance. 

2. Military Standard. 

a. 100- A Drawing Practices. 

3. Civilian Standards. 

a. Architectural Graphic Standards. 
References • 
1. Definition. 

a. A publication consulted to identify 
certain facts or for background 
information* 



C. 
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II .A. 1. Incorporate 
additional lea rnin g 
senses by participating 
In discussion and by 
taking no tea* . 



II. A. 2. Show each text 
and briefly explain 
organisation. 



II. B. 2. Show and explain 
MIL-STD. 
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OUTLINE OF DBTROCTIOH 



DtSTftPCTO* ACTIVITY 



SCBT 420.1 EA IC 
STOWjT AC 



: .1 40 

van f 



2. Examples. 

a. Building Construction Handbook. 

b. Fundamentals of Carpantry. 

c. Asphalt Handbook. 

d. Portland Cement Association Handbook, 
a. AISC Manual of Staal Construction. 

D. Drafting BqulpMnt . 

1. T-square. 

a. Type. 

b. Matarial. 

c. Uses. 

d . Care . 

2 . Triangles . 

a . Type . 

b. Material. 

c. Uses. 

d. Care 

3 . Curves . 
a. Type 



II .0.2. Glva name, material 
coverage, and use of each 
reference. 



II. D. Introduce the student 
to equipment that will be 
used in class environment 
under "care" teach checking 
instrument. Show T-square 
& triangle slides SN34-A. 



II. D. Handle each 
equipment item as 
instructor describes. 



II. D. 2. Identify the 45° 
30° / 60° and the adjust- 
able triangles. 
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OUTLIHI OF IHSTRUCTTO H 

b. Material. 

c. DSSS, 

d. Care, 

4. Scales. 

a. Type. 

b. Material • 
c- Uses. 

d. Care. 

5. Drafting sat. 
a. Contents. 

(1) Use. 

(2) Care. 

6. Erasing shield. 

a. Material. 

b. Uses. 

7. Lettering guides 

a . Types 

b. Material. 

c . Uses . 

d . Care . 



SCBT 420.1 tk IG 1.2.1 
INSTRUCTOR ACTIVITY STUDBtt ACTIVITY 



II.D.4. Shov allda #65618, 
"Scales 11 Set 3. 



II.D.5. Shov slide "Coapass 
and Bows" Set 3, Mo 65619. 



II. D. 7. Handout instructions 
for the Lettering Guide. 
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0UTUN1 OF HBTRDCTIOH 

8. Bench brush. 

a. Material. 

b. Um. 

9. Pencil pointar. 
a. Typaa 

10. Lead holdar. 
a* Uee. 

11. Drawing table, 
a. Typaa. 

b • Material • 

c. Use 

d . Care . 

12. Templates * 

a. Types 

b. Material* 

c. Use* 

d. Care* 

13. Protractors. 



VP- 

SCBT 420.1 KA IG lu.l 
IHST8DCT0R ACTIVITT STUttHT ACTIVITY 



II. D. 9. Show sandpaper pad 
and Mechanical panel! . 



9 
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OUTLDH OF mSYBDCTION 

a. Typea , 

b. Material. 

c. Uaa. 

d. Cara. 

B. Drafting Matarlala. 

1. Panclla and laada. 

a. Typa 

b. Grade. 

c. Uaa. 

2. Drawing paper, 

a. Tracing. 

(1) Type. 

(2) Uaa. 

b. Coordinate paper. 

(1) Type. 

(2) Use. 

3. Tape. 

a. Type. 

b. Use. 





SGBT 420.1 EA IG 1.2.1 
INSTRUCTOR ACTIVITY STUDENT ACTIVITY 



II. E. Give the students 
the rec o— en ded: P t H t 2H, 
3H, 4H, construction draft- 
ing *B, 3B, 2B, B, and HB - 
rendering. HB, F» H, and 2H 
lettering. 
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OUTLIira OF nPTEDCTIOM 



4. Eraaars. 

a. Type 

b. Use* 

5. Ink. 

P. Preparation. 

1. Drafting tab la. 

a. Lights. 

b . Board . 

c. Instrments. 

d. Paper. 

e . Pencils . 
G. Fornats. 

1. Paper size. 

a. Flat. 

b. Roll. 

c. Stowage. 

2. Title block, 
a. Security. 

70 



SCBT 420.1 EA IG 1.2.1 
INSTRUCTOR ACTIVITY STUDENT ACTIVITY 



II. F. State that the 
light should co— frai 
left and seesure 80-100 
candle power. 



II.F.b. State that board 
should be inclined 10-18°. 



II.F.e. State iom grades 
of pencils that should be 
available. 

II. 6.1. Give demons t ration 
on folding drawing. 



II. G. 2. Explain the standard 
title block. 
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OUTLIHI OF mSTRUCTIOH 

H. Alphabet of Lines. 



I. Practices. 

1. Reed assignment. 

2. Layout of drawing. 

a. What is a good drawing. 



(1) 


Visible lines. 


(2) 


Dimension* 


(3) 


Notes. 


(4) 


Line conventions. 


(5) 


Tangents . 


(6) 


Format. 


(7) 


Lettering. 


(8) 


Numerals & Fractions. 


(9) 


Accuracy . 


(10) 


Solution. 



3. Older of drawing, 
a. Pencil. 




b. Ink. 




INSTRUCTOR ACTIVITY 

II. H. Use stick file. 
Have student Identify 
each convention. 

Demonstrate hidden line 
conventions on C/B. 




4sr 

420.1 EA IG 1*2.1 
STUDjMT ACTIVITY 

II. H. Take a set of 
drawings from stick file. 
Point out the line con- 
vention on the prints. 

Draw each convention 
on a piece of paper. 



II. I. 2. Peas out Evaluation 
Guide SGBT 420.1 BA EG 1.2.0.1 
and cover each item. 
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OOTLTOT nw thrtbiitttan _ SCBT A 20,1 EA IG 1.2,1 

WILTO OP INSTRUCTION INSTRUCTOR ACTIVITY STUDENT ACTIVITY 

4. Simplified drawing practices. 
J. Lettering (freehand). 

1. Definition. 

a. Presentation of informational data 
on a drawing. 

2. Four styles of lettering, 
a • Roman . 

b. Gothic. 

c. Script. 

d. Text (old English) 

3. Single-stroke Gothic. 

a. Style. 

(1) Vertical. 

(2) Inclined, 
(a) 67-1/2° 

b. Composition. 

(1) Opaque. 

(2) Strokes. 

(3) Proportions. 

74 (4) Spacing. 75 
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SCBT 420.1 EA 10 1.2.1 
STUDENT ACTIVITY 




ODTUMI OF INSTRUCTION 



INSTRUCTOR ACTIVITY 



(a) Letters. 

(b) Words. 

(c) Sentences • 
(5) Lines. 

c. Heigjht. 

(1) MIL-STD re co— ends t ions . 

d. Guide lines, 
e • Pencils • 

4. Technique of execution. 

a. Vertical stroke. 

b. Horizontal strokes. 

c. Curved strokes . 



2. Types of devices or aids: 

a . Leroy . 

b. Unitech. 

c. Verityper. 



K. Lettering (Mechanical). 



U.K. Have students 
break out Leroy lettering 
sets. 



U.K. Break out Leroy 
lettering sets. 



1. 



Definition. 



Lettering done with: 
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OUTLINE OF INSTRUCTION 

(1) Typewriter 

(2) Hardliner, 
d. Ar type. 

(1) Format. 

(2) Preatyle. 

3. Leroy 

a. Parts. 

b. Templates. 

c. Styles. 

d. Usee. 

4. Unltech. 

a. Parts. 

b. Templates. 

c. Styles. 

d. Uses. 

5. Varltyper. 

a. Typewriter. 

(1) Parts. 

(2) Styles. 
^ (3) Uses. 

ERIC 78 



INSTRUCTOR ACTIVITY 



SCBT 420.1 EA IG 1.2.1 
STUDENT ACTIVITT 
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OQTLIKE OF mSUPCTIOH 



b. Haadlinar. 

(1) Parta. 

(2) Stylaa 

(3) Uses 

6. Artype ( Pressure sensitive) 
s. Format 

(1) Stylaa 

(2) Use* 

b. Praatyla 

(1) Stylaa 

(2) Uaaa 

7. Techniques of execution, 
a. Composition 

- b. Spacing 

c. Guide lines 
III. Application 

A. Questions and Discussion 



INSTMJCTOR ACTIVITY 



SCBT 420.1 BA IG 1.2.1 
STUDENT ACTIVITY 



U.K. 6. a. Demonstrate hour to 
* use format by using overhead 
projector. 



II.K.6.b. Demonstrate bow to 
use preatyle by using overhead 
projector. 



III. A. Questions. Ill: A. Answers. 

1. What are the two com- 1. 45° and 30°/60° 
monly used triangles? 
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ouTLun or msTKPcnoi 




50 

SCBT 420.1 EA 16 1.2.1 
STUDENT ACTIVITY 



mSHOJCTOR ACTIVITY 

4. Why do good drafts- 
Ma always uaa a letter!: r 
guide? 

3. What la tha dlffaranca 
between tha architect' a & 
tha engineering seal at 



5. What ia tha alsa of a 
"C" ahaatt 

6. What ara tha medium 
valght Unas on a drawing? 

7. What la tha flrat a tap 
In doing any jobf 

8. What typa of lat taring 
la navar used In engineering 
drawing? 

9. What Instrument la used 
for spacing guide lines? 

10. Which of the five mech- 
anical lettering devices or 
aids is In most coimon use? 

11. A press-on type letter- 
ing aid is called . . . .? 



2. To keep letters 
uniform in height. 



3. Architect la common 
fractiona & engineer is 
decimal. 

80-100 candle power. 
3. 17 x 22. 

6. Hidden lines, phantom 
lines & stitch lines. 

7. Reed assignment. 

8. Lower case. 

9. Ames & Braddock-Rove 
lettering instruments. 

10 . * - roy . 

11 . Ar type 



4. What la the minimum light 4. 
requirements for a drafting 
room? 
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OPTLutE OF IKST1PCTI0N 



1. Practical Performance 

IV. Smary. 

A. Taxt. 

1. Dafinition. 

2. Raviev texte. 

B. Standard. 

1* Dafinition. 

2. Military Standards. 

3. Civilian Standards. 

C. References. 

1. Dafinition. 

2. Raview references. 

D. Drafting Equipment. 

1 . T-Square 

2. Triangle. 
5 * Curves . 

S cales . 
5. drafting set. 



SCBT 420.1 EA IG . ..1 C^/ 
INSTRUCTOR ACTIVIT Y STUDENT ACTIVITY ^ 

III.B. Paaa out and axplaln III.B. Practica lettering 

Job Sheet SCBT 420.1 EA JS and work on job sheet re- 

1.2.1.1 "Freehand and Mech- qulraaents. 
anical Lettering"- 



Oulda studanta in 
application of lattaring. 
Evaluate student par fo nance 
on completed work. 
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SCBT 420.1 KA It 1.2.1 
STUDENT ACTIVITY 



£2- 



OUTLIME OF INSTKDCTIOH 



INSTRUCTOR ACTIVITY 



6. Erasing shield. 

7* Lsttsrlng guide, 

8. Bench brush. 

9. Pencil pointer. 

10. Lead holder. 

11. Drawing table. 
12 • Templates • 

13. Protractors. 
B. Drafting Materials. 

1. Pencils and leads* 

2. Drawing paper. 
3 • Tape . 

4. Erasers* 



F. Preparation for Drawing. 

G. Drawing Formats. 

H. Alphabet of Lines. 

I. Drawing Practices 



Ink 
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SCBT 420.1 EA IG 1.2.1 

OOTLIMK OF INSTRUCTION INSTRUCTOR ACTIVITY STUDENT ACTIVITY 

J. Lettering (freehand) 

1. Definition. 

2. Styles of lettering. 

3. Single-etroke gothlc. 
A. Technique of execution. 

K. Lettering (Mechanical) 

1. Definition, 

2. Types. 

3. Leroy. 

4. Unitech. 
S« Vari types. 

6. Ax type. 

7. Technique of execution. 

V. Test. 

A. Job Sheet Completion. 

1. Those students who have not satisfactorily 
completed the requirements of the Job Sheet 
SCBT 420.1 EA JS 1.2.1.1 "Freehand and 
Mechanical Lettering" must do so on their 
own time and turn in same at the start of 
the next wording day. 

39 




(20 of 21) 




» 




f OTUKg OF IlSTtDCnON 



INSTRUCTOR ACTIVITY 



SCBT 420.1 SA IG 1.2.1 
STUDENT ACTIVITY 



VI. flSllgMIIII 

A. lud 

1. MIL-STD-100A, General Drawing Practicaa. 
Pagaa 1-23. 

2. Drafting and Graphics , Paga 1-55. 

B. Look for Drawing Techniques and Practices. 
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NAVAL CONSTRUCTION TRAINING CENTER 
. PORT HUENEMK, CALIFORNIA 93043 
SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 420.1 

JOB SHEET 

TITLE: FREEHAND AND MECHANICAL LETTERING 

INTRODUCTION : The purpose of this job sheet is to guide you in ths 
practical work assignment of freehand and mechanical lettering. After 
assembling the necessary tools and material, read over the procedures- 
rapidly to get a general picture of the lettering requirements, then 
complete each of the thxee lettering sheets. 

Single-stroke letter is by far the greatest amount of lettering dome on 
drawings, it is done in a rapid single-stroke style lettering. Every 
engineering aid must have an absolute command of either the vertical or 
the inclined style. The ability to letter can be acquired by anyone with 
normal muscular control of his fingers, who will practice faithfully and 
intelligently, and take the trouble to observe carefully the shapes of 
the letters, the sequence of strokes in making them, and the rules for 
their composition. It is not a matter of artistic talent or even of 
dexterity in handwriting. Many persons who write very poorly letter very 
well. 

REFERENCES : 

1. Military Standard, Engineering Drawing Practice, MIL-STD-10OA, Page 9. 

2. Engineering Aid 3 & 2, NAVPERS 10634B, Page 95. 

3. Engineering-Technical Drafting and Graphics, 2nd Edition, Page 41. 

TOOLS, EQUIPMENT AND MATERIALS : 

1. Drawing board or table. 

2. Two sheets "A" size tracing paper. 

3. One sheet lettering paper. 

4. Ames-style lettering instrument. 

5. Drafting tape. 

6. Pencils (as necessary). 

7 . T-square. 
C. Eraser. 

Ercsir.g shield. 

Qp 
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SCSI 420.1 EA JS 1.2.1. 



10. Lettering set. 

11. India Ink. 
PROCEDURE: 

Put 1. "A" site paper, lettering set and ink. 

Lay out the paper horizontally in accordance with HXL-STD-100A, Page 9, omit 
revision and title blocks. Letter the following information in upper case 
letters using a lettering set. NOTE: USE A LETTER TEMPLATE RANGING FROM 
157, 200 or 240 AND THE PROPER PEN SIZE AS DESIGNATED ON THE DIAGRAM ON THE 
INSIDE COVER OF THE LETTERING INSTRUMENT BOX. Letter your last name in the 
lower right-hand margin in 5/32 inch high letters. 

Part 2. Lettering paper, freehand with paper. 

Letter your last name on the top line and complete all lines by lettering 
freehand in single-stroke, upper case Gothic style using each letter of 
the alphabet approximately ten (10) times. Letter your name in the lower 
right-hand margin in 5/32 inch high letters. 

Part 3. "A" size paper, freehand with pencil. 

Refer to Figure 3-7, Page 41 of Drafting and Graphics . Letter freehand 
in single-stroke upper case Gothic Style, two examples of each of the 
seven (7) reconaended letter heights, as shown in the right-hand colum. 
For the dimensions, fractional and decimal section, make five (5) fractions 
as diagramed. Draw proper borderline in accordance with MIL-ST1>-100A, 
Page 9. Omit the title and revision blocks. Letter your last name in the 
lower right-hand margin in 5/32 inch high letters. 

NOTE: In each part of the procedure above, spacing between letters and 
between words should be in accordance with requirements set forth in 
Engineering Aid 3 & 2, Page 95. 

Complete work must meet the acceptable standards set forth in SCBT 420.1 
EA EG 1.2.0.1 for lettering. 

QUESTIONS : None 
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EVALUATION GUISE 



INTRODUCTION 



You can benefit from learning how to evaluate your own drawinga. In 
addition, if you know and understand what la required of you in making 
good drawing! you can chack youraalf from tha a tart of aach drawing to anaura 
you maet tha raquiramenta aa aat forth in thia evaluation gulda. 

Tha following gulda la brokan into tan distinct topics, aach with its 
own daacrlption snd tha baalc raquiramenta. Tha accaptabla drawing practlcaa 
for aach topic ara Uatad along with tha noet coma* unaccaptabla practlcaa . 
It la to your banaf it to keap all tha drawing practlcaa within tha accaptabla 
rang a, not only bacauaa by doing ao will enabla you to paaa tha couraa, but 
also bacauaa it will davalop good drawing habits that will aid you in your 
futura caraar. 

Honasty with youraalf la asaantial in ordar to banaflt from thia avalu- 
ation giude. Your instructor will uaa thia gulda to evaluate your work to 
determine If you hava mat tha objactivaa of aach laaaon. Xaap in mind that 
tha evaluation gulda is a teaching davica aa wall aa a check- list of drawing 
practlcaa. It is only aa affective aa you and your instructor take it - DO 
YOUR PART. 

DEFINITIONS of some general terns used in this guide. 




Fuzzy Lines - Tha flaking of pancil lines. More evident whan soft 
leada ara used. 



Hole/Holes - The circle, slot, etc. indicated on a drawing that 
represents a hole in tha object. 



Line Thick- 



- The opaqueness and line width aa outlined in 
MIL-STD-100A, Page 46. 



Opaque 



- The darkness of an ink or pencil line in relation to 
how it will reproduce when making copies. Opaque 
includes the consistent shade ovar tha whole line or 
shading where used. 



Reproduction- The use of the original tracing paper or vellum 

drawing to make copies, usually by the Diazo process. 
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I 



VISIBLE LINES 



References: MIL-STD-10QA, pp. 28-30, 46 

Drafting and Graphics, pp. 26-28 



Visible linas define the outline or visible detail of an object. They 
are heavy unbroken lines of uniform width and have the sane degree of 
opaqueness or blackness through all visible lines used on a specific 
drawing. Care oust be taken to ensure that visible lines are opaque and 
give a continuous solid line when reproduced. 



Acceptable Standards 



Unacceptable Standards 



1. 



Opaque, that will repro- I. 
duce veil. 



Line of various thickness 



Sharply drawn lines. 



Fuzzy lines 



Uniform opaqueness. 



Over-run or none crane c ting inter- 
sections* 




Distinct intersections 



Hot properly located. 



Properly located. 



Not opaque enough to reproduce. 
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II 

DIMENSIONS 

KH.-rc-ncMu: Nll-STD-LOOA, pp. 29, 45-46 
USASI Y14. 5-1966 

Drafting and Graphics, pp. 110-146, 511-512 
Architectural Drawing and Light Construction, pp. 191-194 

Dimensions or dimensioning is the numerical value expressed in units of 
measure used on drawings in conjunction with lines, symbols and notes to 
define the characteristics or shape of an object. Dimensioning encompasses 
extension lines, dimension lines, arrowheads, and completeness of information. 

Acceptable Standards Unacceptable Standards 

1. Thin extension lines. 1. Thick or light dimensions and/or 

extension lines. 

2. Extension lines 1/16 inch 2. Broken dimension lines, 
away from visible lines. 

3. Proper spacing between 3. Poor spacing of dimension 
dimension lines. lines. 

4. Uniform arrowheads, 4. Arrowheads not uniform or 
proper proportion. proper shape. 

5. Numerals spaced for ease 5. Missing numerals, hole infor- 
of reading. mation, radii, or diameter 

notations. 

6. Dimensions read from the 6. Dimension read from the top 
bottom and right-hand or left-hand side of drawing, 
side of drawing. 

7. Proper notation of holes. 7. Dimension not opaque enough 

to reproduce. 

8. Proper orientation of no- 
tations for radii and dia- 
meters. 
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III 
MOTES 

References: USASI Y14. 5-1966 

Drafting and Graphics, pp. 132, 135, 51Z 

Architectural Drawing and Light Construction, pp. 19* 193 

Notes on drawings are used to supply infonsation which cannot be given 
of information. 



Acceptable Standards 

1. Give complete information. 

2. Leaders drawn at 30/45/60 
degree angles with the 
horizontal. 



Unacceptable Standards 

1. Incomplete notes. 

2. Leaders drawn at random angles. 



3. Notes kept close to the 
view in which informa- 
tion is required. 

4. Leaders point to centers 

of circles, arcs and holes. 



3. Notes separated from the view in. 
which information is required. 

4. Leaders not aligned with centers 
of circles, arcs and holes. 

5. Misspelled information. 



9 
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IV 



LINE CONVENTIONS 



References; MIL-STD-IOOA, pp. 45-49 

Drafting and Graphics, pp. 26-29 

Line conventions are concerned with all Unas except visible lines, 
dimensions, extension, and leader lines covered In Topics I, II, III, that 
are used to fully describe an object according to established drawing 
practices. 



1. 



Acceptable Standards 

Line conventions used 
appropriately. 



2. Lines properly drawn. 



Lines opaque enough to 
reproduce, except con- 
struction lines. 

Some degree of fuzziness 
is allowed for thin 
lines. 



Unacceptable Standards 
1. Dashes thick and/or fuzzy. 



Hidden lines connect with visible 
lines* 

Lines not opaque enough to 
reproduce. 



Lines incorrectly drawn and/or 
located. 



5. Construction lines very 5. Line consistency varies, 
lightly drawn and may 
remain on finished draw- 
ing. 
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V 



TANGENTS 



References: Drafting and Graphics, pp. 23, 62-66, 75, 77 

Architectural Drawing and Light Construction, pp. 41-42 

A tangent is an intersection of a straight line and a curved line or 
the intersection of two curved lines. The most common tangents in drawings 
are found in fillets and rounds that come into contact with visible lines 
or straight lines and curves or ogee curve. There are few applications in 
drafting where tangents are not used. 



Acceptable Standards 



Unacceptable Standards 



1. 



Tangents perpendicular to 1. Tangents not, accurately drawn 
radii. or perpendicular to radii. 



2. 



Radii extend through point 2. Uneven tangency. 
of tangency. 



3. 



Straight lines and curved 3. Tangency not complete or do not 
lines of one thickness. meet. 



4. Lines meet as one. smooth, 
continuous line. 
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VI 



FORMAT 



References: MIL-STD-10QA, pp. 4-13 

DM-6, pp. 6-1-4 thru 6-1-14 

Drafting and Graphics, pp. 90-99, 506-533 

The format of a drawing is the overall layout of the drawing. The 
format includes how the views are spaced, the accuracy of the borders sad 
title block, and the overall neatness and appearance of the finished work. 



Acceptable Standards 

Layout of borders, title block, 
etc., according to standards 
and job sheet instructions. 

Object is oriented for a 
pleasing effect. 



Unacceptable Standards 

Object orientation not 
balanced, poor appearance. 



Border and/or title block 
not according to standards 
or job sheet instructions. 



Views chosen according to 
best representation of 
object. 

Title block annotated with 
required information. 



Views chosen not best 
representation of object. 



Spacing between views too 
wide. 
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LETTERING 



References: MIL-STD-IOOA 

Engineering Aid 3 & 2, pp. 92-100 

Architectural Drawing and Light Construction, pp. 23-38 

Lettering presents the information data on a drawing whether the informa- 
tion is in the form of dimensioning! explanatory notes or the listing of 
specifications, the lettering must be legible yid pleasing in appearance. 



Acceptable Standards 



Unacceptable Standards 



Uniform in size and shape. 



Uneven letters. 



Spacing by shape of letters 



2. Uneven spacing of letters or 
of mechanical appearance. 



Even spacing of words. 



3. Uneven spacing of words. 



Words smooth in appearance. 



Vertical stems not uniform. 



Opaque letters. 



5. Variable opaqueness, poor 
reproduction quality. 
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VIII 



NUMERALS AND FRACTIONS 



References: Engineering Aid 3 & 2, pp. 92-97 
Drafting and Graphics* p. 43 

Architectural Drawing and Light Construction, pp. 22-38 

Numerals and fractions apply to all numerical information on a drawing 
and are a vital element in accurately describing the object drawn. 



2. Distinct numerals* easily 2. Numerals/fractions nm together. 



Acceptable Standards 



Unacceptable Standards 



1. 



Spacing between numerals 
and fractions. 



r. Numerals and/or fractions too 
heavy, filled in. 



read. 



3. 



Fractions slightly larger 3. Carelessly made figures, 
than numerals. 




4. 



Distinctly formed figures. 4. Numerals larger or s 

as fractions. 



size 
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IX 

ACCURACY 

References: None 

Accuracy is the condition or quality of being accurate, precise, exact 
or correct. Accuracy is determined by how well a drawing is scaled, layed 
out, and annotated to give a clear, concise picture of what is represented. 

Acceptable Standards Unacceptable Standards 

1. Figure size within + 1/32" 1. Figure size + 1/16" or over. 



X 

SOLUTION 



References: None 

Solution is the act of solving a problem. In drafting, the solution is 
the representation of an object of features using the proper methods, 
orientation, terminology, etc., combined to make a complete presentation. 



Acceptable Standards 

1. Drawing made by the student 1. 
only. 

2. Solution made with minimum 2. 
aid from other students or 
instructor. 

3. Use of only one clue from 3. 
the instructor to solve the 
problem. 



Unacceptable Standards 

Help needed on majority of 
the drawing. 

More than two efforts made 
to solve the problem. 



Copying from a finished 
product or partial product < 
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NAVAL CONSTRUCTION TRAINING CENTER 
PORT HUENEHE, CALIFORNIA 93043 
SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 420.1 



Class tf lea tlon : Un class 1 f led 
Topic: Technical Sketching 

Average Time: 1 Period (Class) 5 Periods (Pract) 
Instructional Materials: 

A. Texts: 

1. Engineering-Technical Drafting & Graphics, 
2nd Edition, Chapter 16. 

B. References: 

1. Technical Drawing, by Glescke, Mitchell, 
& Spencer, 4th Edition, Chapter 5. 

2. Architectural Drawing & Light Construction, 
by Muller, Chapter 5. 

3. Engineering Drawing, by French & Vierck, 
10th Edition, Chapter 6. 

C. Tools, Equipment and Materials: 

1. Coordinated paper, 10 x 10, 8^ x 11. 

2. Tracing paper. 

a. 8V' x 11" 

b. 11" x 17" 



Terminal Objective: Upon completion of this unit the 
student will be able to use the tools of a draftsman 
and perform the techniques and procedures related to 
basic drafting. All problem solutions submitted by the 
student as his finished product will meet the minimum 
requirements of Evaluation Guide SCBT 420.1 EA EG 1.2.0.1 

Enabling Objective: Upon completion of this topic the 
student will be able to make freehand technical sketches 
from objects, notes and verbal descriptions that can be 
used to develop descriptive construction and shop draw- 
ings. Student texts, commercial technical sketching 
publications, and the guidance of the Instructor may be 
utilized In the performance of the requirements of this 
topic. All sketches submitted by the student as his 
finished product will be of proper proportion to represent 
the object sketched and contain opaque visible lines as 
well as proper shading or rendering sufficient enough to 
make a legible Dlazo reproduction. 

Criterion Test: The student will demonstrate his ability 
to make technical freehand sketches by accomplishing the 
requirements of Job Sheet SCBT 420.1 EA JS 1.2.2.1, 
"Technical Sketching". 

Homework: Read 

Engineering-Technical Drafting and Graphics, 
2nd Edition, Chapter 16, pp. 490-505. 
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3. Draving pencils. 
D. Training Aids and Devices. 

1. Filsi 

a. MC-6797-C, Pictorial Sketching. 

2. Locally Prepared Material, 
a. Job Sheet 



ll) SCBT 420.1 EA JS 1.2.2.1 
"Technical Sketching". 



E. Training Aids Equipment: 



1. 



Projectors . 



a. 16 mm motion picture. 



1 Of, 
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OUTLINE OF INSTRUCTION 

I* Introduction to the lesson. 

A. Establish contact. 

1. Num. 

2. Topic: Technical Sketching. 

B. Establish rsadinass. 

1. A valuabla means of expression. 

2. "One pictura is worth a thousand words". 

C. Establish offset. 
1. Value. 

a. On many jobs s sketch is all that 
is necessary to accomplish the 

work. 

b. Often you will be required to 
draw without proper equipment. 

D. Overview: 

1. You will be able to make technical 
freehand sketches following pro- 
cedures set forth in Drafting and 
Graphics, Chapter 16. 

2. Ask questions. 

3. Take notes. 



INSTRUCTOR ACTIVITY 



SCBT 420.1 EA 1.2.2 
STUDENT ACTIVITY 



I* A. Introduce self end topic. 



I.E. Get students ready 
to lean:. 



I.B. Participate in 
class discussion* 



I.C. Bring out value of 
sketching. 



erJc 
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OUTLINE Of IMSTRPCTIOH 
II . Presentation • 

A. Importance of Technical Sketching. 

1. Original idea*. 

a. First expression. 

2. Organise thoughts, 
a. Record of Ideas. 

3. Degree of perfection. 

a. Depends upon Its use. 
Materials. 

1. Paper. 

a. Cross-section paper. 

(1) 10" x 10 M . 

(2) 8 M x 8". 

(3) Pictorial. 

(a) Isometric. 

2. Pencils. 

a. Selected according to requirements 
of sketch. 



(1) Rough sketches > ideas, rend- 
erings - 6B, 5B, 4B. 
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SCBT 420.1 EA 
STUDENT 



IG 1.2.2 
ACTIVITY 



II. A. Show film MC-6796-C 
Pictorial Sketching. 



II.B.l.a. Point out the 
ease In drawing on cross- 
section paper and stress 
good proportion. 



II.B.2.S. Point out to 
sharpen In normal manner, 
except when shading is 
desired. 
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OUTLINE OF INSTRUCTION INSTRUCTOR ACTIVITY STUDENT ACTIVITY 

(2) Machine details - 3B to HB. 

(3) Critical work and detail - 
F to 2H. 

(4) On smooth paper - F to H. 
b. Harder than 2H. 

(1) Seldom used. 
3. Erasers. 

a. Artgum. 

b. Pink Pearl. 

C. Types of sketches. 

1. Multi-view projection. II.C.l. Write on C/B. 
a. All necessary views. 

2. Single-view projection, 
a- Pictorial. 

(1) Isometric. 

(2) Oblique. 

D. Scale. 

1. Correct proportions, 
a. Accurately. 



^1/2 2. Cross-section paper. 

(5 of 14) 
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OUTLINE OP INSTRUCTION 

a. Ready scale* 
3. Small objects. 

a* Drawn overs i ted. 
E. Techniques. 

1. Quality of a freehand line. 

a. Freedom. 

b . Variety . 

2. Alphabet of lines. 

a. Same as mechanically made. 

b. Dark and opaque. 

c. Clean-cut. 

3. Position of pencil. 

a. 1 1/2" to 2 M from point. 

b. Rotate slightly. 

n 0 

c. Slant from 50 to 60 from vertical 
for straight lines. 

d. 30° for circles. 

e. Lean pencil in direction of travel. 

4. Straight lines, 
a. Short lines. 



INSTRUCTOR ACTIVITY 



SCBT 420.1 EA IG 1*2*2 
STUDENT ACTIVITY 
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II .E.3.a. 
on C/B. 



Demonstrate 



II . E. 4 . Demonstrate 
on C/B. 



II. E. 4. Practice on a 
sheet of paper. 
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INSTRUCTOR ACTIVITY 



SCBT 420.1 EA IG 1.2-2 
STUDENT ACTIVITY 



(1) Finger action. 

b. Long lines. 

(1) Wrist or foream. 

(2) Series of short strokes (1 1/2" 
to 2" long.) 

c. Keep eye on point to which line 
must travel. 

(1) Never on pencil. 

d. Lightly complete line before darkening. 

e. Accuracy in direction is more important 
than smoothness . 

Circles and arcs • 

a- Small circles and arcs. 

(1) One or two strokes. 

b. Steps for large circles, 

(1) Extend center lines and 
additional radii. 

(2) Mark points on these extensions. 

(3) Sketch short arcs and complete. 

c. Alternate method. 

(1) Sketch lightly the enclosed square. 

(2) Mark the mid-points of the sides. 

(7 of 14) 
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on C/B. 



Demonstrate 



II.E.S.a Practice on 
a sheet of paper. 
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SCBT 420.1 EA I ' 1.2.2 
STUDENT ACTIVITY 




OUTLINE OF INSTRUCTION 



INSTRUCTOR ACTIVITY 



(3) Draw light arcs tangent to aldaa. 



(4) Haavy-ln final circles. 



6. Proportions. 



b. 

c. 



d. 



Most important rule. 
(1) Sketch in proportion. 
Constantly compare each new line. 
"Squares method". 

(1) Enlarging or redwing. 

(2) Grid made at any convenient site. 

(3) Estimate by bye-crossing of grids. 

Bio eking -in method. II.E.6.d. Demonstrste 



(1) 


Block- in views. 


(2) 


Build-up detail. 


(3) 


Brighten outline. 


(4) 


Brighten details. 


(5) 


Brighten hidden features. 


(6) 


Check drawing. 



on C/B. 



Shading 



II. E. 7, Illustrate effects of 
light on simple shapes by using 
overhead transparencies shoving 
basic forms. 



a. Use light and dark. 
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SCBT 420,1 EA IG 1.2.2 
STUDENT ACTIVITY 



(1) Surfaces appear to advance while 
others appear to recede. 

b- Location of light. 

(1) Usually from upper-left position. 

c. Reflected light. 

(1) From surrounding objects. 

(2) Surfaces lightened beyond the 
shaded edge. 

d. Highlight. 

(1) Whiten areas. 

(2) Parallel highlights for cylindrical 
surfaces . 

(3) Overhangs, recesses, etc. require 



e. Contrast. 

(1) Light to dark for junctions. 

(2) Dark tones* 

(3) Light tones. 

(4) Stippling. 

(5) Shaded lines reveal form of 



shadows to reveal their relief. 



the surface. 
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OUTLINE Of mSTUPCTIOH 



INSTRUCTOR ACTIVITY 



SCBT 420.1 BA IG 1.2.2 
STUDENT ACTIVITY 



P. Viewing of Objects. 

1. Multi-view projection. 

a. View taken in e direction per- 
pendicular to a principal face 
or tide. 

(1) Take view of shape and siae. 

b. Three principal dimension?. 

(1) Width • 

(2) Height. 

(3) Depth. 

c. Revolving the object. II.F.l.c. Take an object 



(1) Top view - top of Qbject. 

(2) Right-side view - right side 
of object* 

(3) Any other view - rotate object, 
d. Three regular blews. 

(1) Top. 

(2) Front. 

(3) Right aide. 
e * Hidden features. 



end revolve aa explaining. 




(1) Hidden lines. 
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OUTLINE OF DESTRUCTION 



INSTRUCTOR ACTIVITY 



SCBT 420,1 RA IG 1.2.2 
STUDENT ACTIVITY 



Choice of views. 

(1) Eliminate unnecessary views. 

(2) Two-view drawings. 

(3) Should be chosen that show 
features with visible lines. 

Center lines. 

(1) Indicate sxls of symmetrical II.F.l.g.(l) Show a 

objects. typical application. 

Alignment of views. 

(1) Top view directly above the 
front view. 

(2) Right-side view directly to 
the right of front view. 

(3) Never draw the views in reversed 
position. 

le-viev projection. 

Isometric* 

(1) View taken of the object rotated II.F.2.a.(l) Demonstrate, 
and tilted toward viewer* 

(2) Isometric axis. 

(a) 30° with horizontal. 
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SCBT 420.1 EA IG 1.2.2 

QOTLIHE OF INSTRUCTION INSTRUCTOR ACTIVITY STUDENT ACTIVITY 

(3) Box com t ruction. 

(4) Ellipses 

(a) Major axis at right angles to 
the center line. 

(b) Minor axis at right angles to 
the major axis coincidental 
with center lines. 

(c) Box construction. 

(d) Four-centered method. 

(5) Isometric paper. 

(a) Coordinated grids, 
b. Oblique. II.F.2.b Demonstrate. 

(1) Types. 

(a) Cavalier. 

(b) Cabinet. 

(2) Oblique axis. 

(a) 30° or 45° with horizontal. 

(b) Full scale - cavalier. 

(c) Half sire receding surfaces - 
cabinet. 

(3) Front face. 
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III 



(a) View taken in a direction 
perpendicular to the 
principal face. 



(4) Coordinated paper. 

Application 

A. Questions end Answers 



B. Practical Application. 

1. Introduce Job Sheet. 

a. SCBT 420.1 EA JS 1.2T.2.1 
"Technical Sketching". 

2. Practice exercise. 
IV. Summary 

A. Importance of Technical Sketching, 

B. Materials 

1. Paper 

2. Pencils 
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III. A Questions 

1. Why is it a good idea 

to sketch the drawing first? 

2. What type of projection 
is usually used to gain a 
better overall picture? 

3. What should your eyes 
be doing when drawing a 
long line? 



III.B.l. Hand out Job Sheet 
and go over with students. 



III.B.2 Assist students. 



III. A Answers 

1. Aid in layout. 

2. Pictorial. 



3. Be on the point 
ahead of the line. 



III.B.l Follow along 
with explanation. 



III.B.2. Accomplish 
requirements of job 
sheet . 
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OUTLINE OF INSTRUCTION INSTRUCTOR ACTIVITY STUDENT ACTIVITY 

3. Erasers 

C. Types of Sketches. 

1. Multi-view projection. 

2. Single-view projection, 
a. Pictorial. 

D. Scales 

E. Techniques. 

1. Quality 

2. Alphabet of lines. 

3. Position of pencil. 
A. Straight lines. 

5. Circles and arcs. 

6. Proportions. 

7. Shading. 

F. Viewing of Objects. 
V. Test: 

A. Complete the requirements of Job Sheet 
SCBT 420.1 EA JS 1.2.2.1 
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NAVAL GOHStlDGnOH T1AXHUK CENTO, 
PORT HUEHEKE, CALIFOUIIA 93043 
SPECIAL CONSTRUCTION BATTAUOM TRAINING (SCBT) 420.1 

JOB SHUT 

TITLE: BASIC TECHNICAL SKETCHING 

INTRODUCTION : The purpose of this job ihttt la to guide you la the pract- 
ical work aesignmnt of sketching. After aeeeabling the necessary toola 
and materials, raad over tha procaduraa rapidly to gat a general picture 
of tha sketching requirements. 

REFERENCES : 

1. Architactural Dr wring and Light Construction, pp. 69-78. 

2. Military Standard, Bnginaarlng Drawings Practicaa , HIL-STD-IOQA, pp.9 
TOOLS, EQUIPMENT AND MATERIALS: 

1. 3 shaats 10" x 10" coordinata peper, 8k x 11 H . 
2 ■ Pencils . 

PROCEDURES: Draw tha following problems on an M A M alga shaat of coordin- 



ate paper laid out in vertical format in accordance with MIL-STD-100A, 
Page 9. On your finished drawing place your last name in the lower 
right-hand margin in 5/32" high letters- Omit title block and revision 
block. Make a print of your flnslhed sketches following Job Sheet 

SCBT 420.1 EA JS 1.2.2.1. 



PROBLEM #1 (Fla. 5-41. pp 90, Architectural Drawing & Light Construction; 
Ref :) 



Layout a border and divide the paper Into twelve equal rectangles freehand 
as shown. With an HB pencil carefully fill the rectangles with horizontal, 
vertical and linaa gj shown. 




PROBLEM #2 (Fig. 5-42. pp 91, Architectural Drawing k Light Construction ; 

Ref:) 

Sketch a 3" square and biaect each side by eye. Connect the points to 
form an inverted square within the original, continue drawing squares 
within squares until space is filled. 
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SOT 420.1 BA JS 1.2.2.1 

PROBLEM #3 (Fig. 5-19 pp. 76. Archits ctural Drawing & Light Contraction 

Reft) 

Sketch the corrugated seta! sections, M shown. 




Completed drawings must meet acceptable ■ tender da of Evaluation Guide 
SCBT 420.1 EA EG 1.2.0.1 for visible lines, foraat and Instructor 
requirements for proportion and solution. 

QUESTIONS : None 
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NAVAL CONSTRUCTION RAINING CENTER 
POH HUKNEMK, CAUFOKMU 90343 
SPECIAL CONSTRUCTION BATTALION TBAIMING (SCBT) 420.1 



Classification: Declassified 
Topic: Geometric Com true t Ion 
Average Time: 3 Period (Class) 5 Period (Pract) 
Instructional Matarlals: 

A. Taxts: 

1. Enginaarlng Aid 3 & 2, NAVPERS 10634-B 

2. Enginaarlng - Drafting and Graphics , 
Second Edition. 

B. References: 

1. Architectural Drawing & Light Construction. 

2 « Engineering Drawing by French and Vierck, 
10th Edition. 

3. General Drafting, TM5-230. 

C. Tools, Equipment and Materials: 
1 . Equipment • 

a. T-Square. 

b. Traingles. 

(1) 45° 

(2) 30° - 60° 



Terminal Objective: Upon completion of this unit the 
student will be able to use the tools of a draftsman 
and perform the techniques and procedures related to 
basic drafting. All problem solutions submitted by the 
student as his finished product will meet the minimum 
requirements of Evaluation Guide SCBT 420.1 BA EG 1.2.0.1. 



E na b ling Objective: Opon completion of this topic the 
student will be eble to construct two plane geometric 
figures thst include circular and curved surfaces by 
using standard drafting instruments. Textbooks/ other 
drafting publications, and instructor guidance may be 
utilised in the performance of the requirements of this 
topic. Templates may not be uaed In the completion of 
the requirements of this topic. All figures submitted 
by the student aa hie finished assignment will meet the 
acceptable standards of Evaluation Guide SCBT 420.1 EA EG 
1.2.0.1, for visible lines, tangents, format, accuracy 
and aolution and of an opaque-quality sufficient enough 
to make a legible Diero reproduction. 

Criterion Test: The student will demonstrate his ability 
to draw geometric construction by completing the re- 
quirements of Job Sheet SCBT 420.1 EA JS 1.2.3.1, 
"Geometric Construction". 

HOMEWORK: Reed 

Drafting & Graphics, Ch.4 pp. 56-82. 
Engineering Aid 1 & 2, Ch.4, pp. 101-121. 



ERiC 134 



13: 



(1 of 14) 



ERLC 1Jo 



SCBT 420.1 EA IG 1.2.3 

OPTLUtt 0F mSTKUCTIOH IMSTUPCIOIt ACTIVTTT STODKNT ACTIVITY 

c. Scales-Architectural 4 Engineering. 

d. Drafting eat. 
a. Dusting brush. 

2. Material. 

a. Maaklnt tape. 

b. Iraaar. 

c. Erasing ahl*ld. 

d. Drawing pencils* 

a. Typing paper, 8*j M x 11", 
6 shasta par atudant. 

f . Tracing papar, 84" x 11", 
2 ahaata par atudant. 

D. Training Aids and Devlcsa: 

1. Slldaa (35m) 

a. Ga Metric Conatruv tlon -SN-35A. 

b. Coapaas and bow instrusents, 
Sat 3, 65619. 

2. Transparencies: 

a. 11CS-1551-115T-4 "Constructing a Regular Hexagon"- Across the Flats. 

b. 11CS-1551-115T-7 "Circle Tangent to v. Given Line Passing Through a Given Point". 

c. 11CS-1551-115T-9 "Constructing a Reverse Curve (Ogee)". 

(2 of U) ^7 
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OUTLINE OF EgttPCnOM INSTRUCTOR ACTIVITY STUDENT ACTIVITY 



d. 


11CS-1551-115T-8 


"Constructing 


an Ellipse" 4 -Center Method. 


a. 


UCS-1551-115T-6 


"Constructing 


an Irragular Polygon 19 . -Given Ona Slda. 




llLo iJJl XXJl J 


UOUS trUCt in§ 


en ucu§oD xn a »<|Usire 


g. 


UCS-1551-115T-2 


"Constructing 


Parallsl Linu". 


h. 


11CS-1551-115T-3 


"Constructing 


a Baxagon - Across Co roars". 


i. 


11CS-1551-115T-11 


"Blaectlng an 


Angla". 


j. 


11CS-1551-115T-1 


"Dissecting a 


Um". 



3. Locally Praparad Materials: 

a. Job Sheet. 

(1) SCBT 420.1 EA JS 1.2.3.1 
"Geometric Construction". 

E. Training Aids Equipaiant. 

1. Projector. 

a. 35 m slide. 

b. Overhead. 
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ourmot of ngnugTiotj 

I. Introduction to tho laaaon. 

A. Establish contact. 

1. Nana. 

2. Topic: Gsosjatrlc Construction. 

B. Establish readiness. 

1. Purpose: Practical Use of Instruments. 

2. Assignment: Will do geometric design* 

C. Establish effect. 
1. Value. 

a. Pass course. 

b. Perform better on the job. 

c . Get advanced. 

d. Be a better Engineering Aid. 

D. Overview: 

1. You will be able to draw geometric figures 
and use geometric construction In solving 
drafting problems. 

2. Ask questions. 

3. Take notes. 

4. Testable. 



SCSI 420.1 EA 

rasTRucroK Acnvm student 



IG 1.2.3 
ACTIVITY 
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I .A. Introduce self and topic. 



I.B. Motivate student. 



I.e. Bring out need and value 
of material being presented. 



I.D. State learning objectives. 

I.D.I. State Information and 
materials necessary to guide 
student. 
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OOTLIMI OF DBTIOCTION 



INSTRUCTOR ACTIVITY 



SCBT 420.1 EA 1 x.2.3 
STUDENT ACTIVITY 



A. Co ass and Bow In* truants. 



II, A* Slides. First section 
33 slides. 



1. 



Similar instrxasents. 



2. 



Compasses, 



NOTE: Instructors can also usa 
C/B and equipment for stud ant 
demons trst Ion vies slides. 



b. 

c. 
d. 
e. 

f • 



For radius lass than 2 inches. 

Size ia datarmlned by diatanca from 
top of handla to bottom of lag. 

Can ba usad with various weight lead. 

Sharpan laad bafora using. 

Sat naadla at proper length. 

(1) Needle should penetrate paper 
a lightly. 

Stepa in constructing a circle/ arc. 

(1) Set off radius (measure). 

(2) Set needle st position center 
is to be located. 

(3) Dae thumb and forefinger to swing 
circle/arc. 

(s) Incline slightly toward direction 
of rotation. 

(b) Complete eircle/arc with a 
continuous motion. 
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g. Use beam cowpeaa for larger 
circles/area. 

h. Discuaa care of instruments, 
i. Dividers. 

a. Some bow instruments are inter* 
changeable either compass or divider. 

b. Used to transfer distance from one 
place to another. 

c. Steps in using dividers. 

(1) Set distance (measure) place 
dividers at that distance 
transfer measurements to drawing. 

(2) Dividing a line in equal parts. 

(a) Approximate divisions set 
dividers. 

(b) Walk off distances. 

(c) Adjust difference at end. 

(d) Walk off again until accurate. 
Bisecting lines and angles. 

1. Bisect a line (also the same method for 
bisecting an arc). 

a. Set off line AB. 

b. Set the compass for any radius greater 
than 1/2 of AB. 



INSTRUCTOR ACTIVITY 



SCBT 420.1 EA IG 1.2.3 
STUDENT ACTIVITY 



II.B.l. Distribute typing 
paper (6 sheets to each 
student). Instruct students 
on placing paper on board. 

Instruct students to divide 
paper into two (2) sections 



II.B.l. Students fasten 
sheets to board. 

Divide paper into two (2) 
sections with pencil lines 
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Using A and B as centers 9 draw 
two arcs to intersect at C and D. 



INSTRUCTOR ACTIVITY 
with pencil Hum. 



d. Contact points C and D with a light llna 9 
where 11m CD lntarsact AB, la tha 
cantar of AB. 

2. Blaact an angla. 

a. Glvan angla ABC. 

b. With "A" aa cantar and tha cotfpaas 
sat at any coovanlent radius, draw 
an arc cutting line "AB" at "D" and 
Una "AC" at "E". 

c Sat tha compass at "A" radius graatar 
than 1/2 of "DE". 

d. With "D M and "E M as centers, draw two 
arcs to Intersect at 0. 

a. Draw a line froa "A" to 0. The line 
"AO" bisects tha angle. 

Dividing a Line Into any number of Equal Parts. 

1. Assum a given line la to be divided Into 
six equal parts. 

2. Draw the required line "AB" which Is to 
be divided. 

3. From one end of this line at point "A", 
draw line "AC" at any convenient angle. 

4. Starting at "A" on line "AC" lay off six 
equal spaces with either dividers or scales. 



II. B. 2. Show transparency 
11CS-1551-113T-11, "Bi- 
aactlng An Angle". 



420.1 IA IG 1.2.3 
STUDEMT ACTIVITY 

Draw figure following 
Instruction in one of 
the two sections. 



II. B. 2. Draw figure 
following Instruction 
In regaining section of 
paper. 



II. C. Have student re- 

move sheet from board. 

II. C. Show Tranaparency 
11CS-1551-115T-1, ••Divid- 
ing a Line". 

I I.C.I. Instruct student to 
fasten aecond aheet to draw- 
ing board , divide aheet Into 
two (2) aactlons. 



II. C. Ranove sheets 

from board. 
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II.C.l. Fasten aecond 
sheet to board, divide 
Into two (2) section*. 



II. C. 3. Draw figure 

following instruction 

in first section of paper. 
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5. Fro* tha termination point , l9 D ll 9 of the 
laat apace, draw m k n llna connecting "D" 
and M B H , 

6. With T-square and triangle, sat tha triangle 
parallal with line n DB" and draw llnaa 
from tha points on Una "AC" to llna "AB", 
Una "AB" will ba dlvldad Into six aqual 
parte. 

D. Constructing parallal llnaa. 

1. Construction method. 

a. Glvan llna AB and A perpendicular 
dlatanca X to llna OP to ba constructed. 

b. Using C aa A can tar on llna AB, swing 
arcs D & E intersecting llna AB. 

c. Using dlatanca X as A radlua and D 
and E as canters, swing area for llna 

OP. 

d. Connect top of arcs for line of 
parallal to llna AB. 

2. Transfer method. 

a. Set a strslght edge and triangle 
combination so that triangle lies 
on given line. 

b. Slide triangle along straight edge to 
desired distance and drm parallel 
lines • 
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II.D.l.Show Transparency 
11CS-1551-115T-2, "Con- 
a true ting Parallel Lines! 1 . 



II. D. 2. Demonstrate on C/B. 



II.D.2.b. Have students re- 
move sheet from bosrd. 



420.1 EA IG 1.2,3 
STUDPfT ACTIVITT 



II.D.l.Draw figures 
following Instruction 
In aacood aactlon of 
papar. 



II.D.2.b. Remove sheet 
from board. 
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E. Constructing tegular Polygons. 

1* Constructing a ragular haxagon - 
across corners* 

a. Glvan Una AE. 

b. > Draw a circla with Una AE as tha 

diameter. Locate canter and label 

It 0. 

c. With the radius AO, and using A and E 
as centers, draw arcs intersecting 

the -ircla. 

d. Connect, each Intersection point with 
the next straight lines to font a 
regular hexagon. 

e. The sane hexagon can be drawn with 
the use of a 30° - 60° triangle and 
a T-square. 

2. Constructing a Regular Hexagon across Flats. 

a. Given distance "AE". 

b. Draw a circle with line "AE" as the 
diameter entering line "AE" beyond 
the circle on both sides. 

c. Using a 30° - 60° triangle, draw 60 
degree angles tangent to the circle 
as shown. 
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INSTRUCTOR ACTIVITY 



SCBT 420.1 EA IG 1.2.3 
STUDPIT ACTIVITf 



II. R. Show Transparency 
110-15:1-1151-3, "Con- 
structing a Hexagon - Across 
Corners 11 . 
II.E.lt 

Instruct students to fasten 
third •beet to drawing board 
Divide paper into two (2) 
sections with pencil line. 



II.E.l; 

Fasten third aheat to 
drawing board. 

Divide paper into two (2) 
sections with pencil line. 

Draw figures fol Towing 
ins true 4 on in first 
section • 



II .E. 2. Show Tranapar 4r ;:y 
11CS-1551-115T-4, "Con- 
structing a Regular Hexagon 
Acroaa the nets". 



I I.E. 2. Draw figure 
following instruction 
in the other section of 
the sheet. 



II.E.2.C. Have students 
remove sheet from board. 



II.E.2.C. Remove sheet 
from board. 
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F. Constructing an Octagon In a Squara. 

1. Draw a squara and within the square 
draw diagonals to the corners. 

2. Using the corners of the square as can tars 
and a radius equal to 1/2 of the diagonal, 
draw area intersecting the sides of the 
square. 

3. Connect these intersection points with 
lines which form the sides of the 
Octagon. 

G. Constructing a Regular Polygon with an Odd 
Number of Sides. 

1. Given length of one side "AB". Extend 
out to left. 

2. Construct a semi-circle using "AB" as 
the radius. 

3. Divide semi-circle into seven (7) sections 
by trial and error. 

4. Extend radius from "A" through the inter- 
section points; using "AB" as radius swing 
arcs f~om points of Intersection on the semi- 
circle from left skip the first two Inter- 
sections then swing arcs. 



INSTRUCTOR ACTIVITY 



SCBT 420*1 EA 1^ 1.2.3 
STUDENT ACTIVITY 
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II. F. Show Transparency 

11CS-1551-115T-5, "Con- 
structing an Octagon In a 
Square". 

II.F.l: 

Instruct student* to fasten 
the fourth sheet to drawing 
board. 

Divide sheet into two (2) 
sections with pencil line* 



II. G. Show Transparency 
11CS-1551-115T-6, "Con- 
structing an Irregular 
Polygon**. 



II.F.l: 

Fasten down fourth sheet 
to drawing board. 



Divide sheet into two 
(2) sections. 

Draw figure following 
Instruction In flrat 
section of the sheet. 



II.G.l. Drew figure 
following Instructions 
in other section of 
sheet. 



5. Connect the intersections of the long radius II.G.5. Have students rem- 
and the radius "AB" arcs with straight lines move sheet from drawing board, 
to form the polygon. 

GIVE CLASS BREAK 



II.G.5. 



Remove sheet 
from board. 



LEAVE CLASSROOM. 
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OUTLINE OP INSTRUCTION 

H. Drawing a Given Tangant to f Given Line 
Pass lag Through a Given Point. 

1. Give line "AB" and point "C" at a 
given distance from "AB". 

2. Through "C" construct a parallel line 
to ••AB". 

3. Set the compass at "C" and using the 
distance from "C" to line "AB", swing 
an arc intersecting "DE" at point "K". 

4. Using ,I K" as the center and distance "KG" 
as a radius, construct circle through 
"C" and tangent to "AB". 

I. Constructing an Ellipse Using the 4-Center 
Approximate Method. 

1. Given major axis "AB" and minor axis 
n DE", "0" at the center (perpendicular 
bisections each way) . 

2. Connect points "A" and "D". 

3. Lay off "DF" equal to "AO" minus 'DO" 
locates "F" . 



INSTRUCTOR ACTIVITY 



SCBT 420.1 EA IC 
STUDENT 



*.2.3^3 



II. H. Show Transparency 
11CS-1551-115T-7, "Circle 
Tangent to a Given Line 
Passing Through a Given 
Point". 

II .H. 2. Instruct students 
to fasten fourth sheet to 
drawing board. 

Divide into two (2) sections 
with pencil line. 



II. 1. Show Transparency 
11CS-1551-115T-8, '•Ellipse 
4-Center Method". 

II. I. 1. Have students draw 
an ellipse using a 2" major 
ax la and a 1% " minor axis. 



II.H.l. Fasten fifth 
sheet to drawing board. 
Divide sheet into two 
(2) sections. 



Draw figure following 
instructions in first 
section. 



III.I.l. Draw figure 
following instructions 
in other section of 
sheet . 



Construct a perpendicular bisector of 
"AF" crossing "AO" at "G" and crossing 

"DE" at "H". 

Swing distance "0G" to fing "GI" and 
distance "OH" to find point "H". 
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' INSTRUCTOR ACTIVITT 



SCBT 420.1 EA 1, 1.2.3 
STUDKHT ACTIVITY 



6. Then "G", ,, GI M , H H H t and "HI" will be 
caatera for four tangent clrcla arcs 
forcing a curve approximately the shape of 
an ellipse. 

J. Constructing Curves. 

1. Ogee or reveres curve. . 

a. Given two parallel lines "AB" and 
W DK" . 

b. Connect "B n and "D" with a straight 
line (line "BD") 

c. Erect perpendicular from points M B M 

and "d". 

d- Establish point "F" at Midpoint on 
"BD" . 



II. J. Show Transparency 
11CS-1551-115T-9, "Reverse 
Curve Ogee". 

II.J.l. Instruct student to 
fasten sixth sheet to 
drawing board. 



II.J.l. Faeten sixth 
sheet to drawing board. 

Draw figure following 
instruction. 



Construct perpindicular bisectors to 
"FB" and "FD'\ 



Using the intersections of these 
bisectors and the perpindiculars 
from points "B" and "D" as centers 
3ving in the arcs to form Ogee. 
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OCTLINB OF IHSTRUCTIOM 
III. Application 

A. Questions and Answers 

B. Practical Performance. 

1 . Draw a figure using geometric con- 
struction procedures. 



IV, Suo^ry 



Compass and Bow Instruments. 
Bisecting Lines end Angles. 

dividing a Line into any Number of Equal Parts 

instructing Parallel Lines. 

instructing Regular Polygons. 

instructing An Octagon in a Square. 

instructing a Regular Polygon. 

drawing a Given Circle Tangent to a Given 
*. -ne Passing Through a Given Point. 
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INSTRUCTOR ACTIVITY 



SCBT 420.1 EA IG 1. 2 .3 
STUDENT ACTIVITY 



III. A Questions 

1* What instruments are 
Included In bow instruments? 



Ill .8.1. Pass out and ex- 
plain Job Sheet SCBT 420.1 
EA JS 1.2.3.1, "Geometric 
Construction". 

Guide students in application 
of constructing geometric 
figures. 



Ill .A Answers. 

1. Compass 4 dividers. 



III.B.l. Practice and 
work job sheet re- 
quirements . 
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OUTLINE OF IN3TEPCTI0M IMSTRDCTOR ACTIVITY STUDPiT ACTIVITY 

X* Constructing m Ellipse Using the Four- 
Center Approximate Htthod. 

J. Constructing Curves . 
V. Teat: 

A. Demonstrate ability to make good geometric 
figures using convent lonsl drafting 
instruments* 
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SOT 420.1 BA JS 1.2.3.1 
MA7AL C0B8TWCTI01 TBAHIVG GBRDL 

potr lonm, caluowia 930*3 

SPECIAL OGHSTIDCTXOH BATTALIQH TtAHiaG (SCOT) 420.1 

JOB SUIT 

TITLE : Geometric Construction 

IHTJL0DOCTI0M : Tha purpose of this job sheet la to guide you In the 
practical work assignment of drawing a meter cover. Tour completed 
drawing will ba uaad by tha instructor to evaluate your ability to 
proparly parfora geometric constructions. Aftar assembling tha 
nacaaaary toola and materials, raad over tha procadura rapidly, to 
g«t a general pictura of tha drawing requirements, than prapara tha 
drawing Insuring conformance to tha requirements . 

RKTIBIHCSS : 

1. Engineering-Technical Drafting and Graphics, Chap tar 4, pp. 36-82. 

2. Military Standard, Engineering Drawing Practicaa, WL-STD-100A, 
Pagea 9 and 43. 

3. Englnanrlng Aid 3 & 2, pp. 101-121. 
TOOLS. EQUIPMENT AMD MATERIALS ; 



1. 


Pencil* (as nacaaaary) 


2. 


Dusting brush. 


3. 


Cleaning pad. 


4. 


Architects scale. 


5. 


Engineering scale. 


6. 


Drafting set. 


7. 


30° - 60° triangle. 


8. 


"A" slxe, tracing paper. 


9. 


Drafting tape. 


10. 


Eraser. 


11. 


Erasing shield. 


12. 


Drawing board/table. 


13. 


T-square . 



is? 
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PROCEDURE: Draw the meter cover full teal* on an "A" size ahaat of tracing 
paper laid out In vertical format In accordance with MIL-STD-100A, Page 9. 
Layout procedures shall be In accordance with Engineering-Technical Drafting 
and Graphics, Chapter 4. Leave all your construction lines on your finished 
drawing. Place your last name in the lower right-hand margin in 5/32 inch 
high letters. Omit title block and revision block. Make s print of your 
finished drawing following Job Sheet 420.1 EA JS 1.2.8.1. 

Completed drawing must meet acceptable standards of Evaluation Guide 

SCBT 420.1 EA EG 1.2.0.1 for visible lines, line convenience, tangents, format, 

accuracy, and solution. 

QUESTIONS : None 
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NAVAL CONSTRUCTION TRAINING CENTER 
PORT HUENEME, CALIFORNIA 93043 
SPECIAL CONSTRUCTION BATTALION TRAINING (SOT) 420.1 



Classification: Itoclaaaified 
Tdpic : Or thogr aphi ca 

Average Tims: 2 Parioda (claaa) 5 Parioda (Pract) 
Instructional Matarial: 

A. Taxts: 

1. Engineering-Technical Drafting & Graphics. 

2. Enginaaring Aid 3 & 2. NAVPERS 10634. 

B. Rafarancaa: 

1. Architectural Drawing & Light Construction. 

2. Genaral Drafting. 

3. Technical Drafting, Geska, Mitchell £ Spancar 

C. Tools, Equipment and Materials: 
1. Equipment* 

a* Compass. 

b. Drawing board/ table. 

c. Scales. 



Terminal Object Its: Upon completion of thia unit tha 
atudant will ba abla to uaa tha tools of a draftsman 
and perform tha tachnlquaa and procaduraa rale tad to 
baalc drafting. All problem solutions submit tad by tha 
student aa hie finished product will moot tha minima 
rt'juiramanta of Evaluation Guide SCBT 420.1 EA EG 1,2.0.1, 

Enabling Objectives: Upon completion of thia topic tha 
atudant will ba abla to c on a true t two, thrae-vlew or- 
thographic drawing of mechanical and construction 
objacta following tha fundamentals of orthographic pro- 
jection and ualng standard drafting lnatrumanta. Text- 
books, othar drafting publications or rafarancaa aa wall 
as Instructor guidance la ancouragad in tha coaplation of 
tha requirements. Tracing of a completed orthographic 
drawing, othar than that axacutad by tha atudant, and tha 
uaa of temple taa ara nut accaptabla drawing procaduraa. 
All drawings submit tad by tha atudant as hie f iniahad 
aaaignmant will meet tha accaptabla standards of SCBT 
420.1 EA EG 1.2.0.1 for viaibla linaa, line conventions, 
tangents, format accuracy and aolution and of an opaque 
quality aufficiant enough to make legible Diazo reproduc- 
tions. 

Crltarion feat: Tha atudant will damonstrsta hla ability 
to draw orthographic drawings by completing tha ra- 
quiramanta of Job Shaat SCBT 420.1 EA JS 1.2.4.1. 
"Orthographic Projection". 
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c. 



(1) Architects. 

(2) Civil Engineers. 

d. 45° triangle. 

e . T-square • 
2. Materials. 

a. Cleaning pad. 

b. Drafting tape. 

c. Eraser. 

d. Erasing shield. 

e. Pencils. 

f . Tracing paper 11" x 17". 
Training Aids and Devices: 

1. Films: 



a. MC-6797A - Engineering Drawing, Orthographic 
Projection. (18 min) Obsolete. 

2. Slides (35 m ) 

a. Orthographic Drawing, 091791, Part I, 
Set 4, McGraw-Hill. 

b. Orthographic Drawing, 091794, Part II, 
Set 4, McGraw-Hill. 



SCBT 420.1 EA IG 1.2.4 

H o— work; Read 

Drafting and Graphics, Ch.S, pp. 89-103. 
Engineering Aid 3 & 2, Ch. 5, pp. 122-137. 



1ST 
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3. Locally Prepared Materials: 
a. Job Sheet 

(1) SC8T 420.1 EA JS 1.2.4.1 "Orthographies". 
D. Training Aids Equipment: 
1. Projectors. 

a. 16 wm Sound. 

b. 35m Slide. 



SCST 420.1 EA IG 1.2.4 
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OUTUHK OF INSTRUCTION 
!• Introduction to the lesson. 
A* Establish contact. 
1. Nam. 

2 • Top i c : Orthographies. 

B. Establish readiness. 

1 . Purpose . 

2. Assignment. 

C. Establish effect. 
1. Value. 

a. Pass course. 

b. Perform better on the Job. 

c. Get advanced. 

d. Be a better Engineering Aid. 

D. Overview: 

1. Upon completion of this topic the 
student will be able to draw ortho- 
graphic drawings to meet the accept- 
able standards of the Evaluation 
Guide SCBT 420.1 EA EG 1.2.0.1. for 
visible lines* line conventions » 
tangents , format t accuracy and solution < 



INSTRUCTOR ACTIVITY 



SCBT 420.1 EA IG 1.2.4 
STUDENT ACTIVITY 



I. A. Introduce self and topic. 



I.B. Motivate student. 



I.C. Bring out need and value 
of material being presented. 



I.D. State learning objectives. 

I.D.I. State information and 
materials necessary to guide 
student. 
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OUTLINE, OF INSTRUCTION 
II. Presentation. 

A. Introduction 

B. Purpose. 

1. Presentation of three dimensional 
objects. 

2. Describe the exact shape of objects. 

C. Viewing the object. 

1. Front view 

2. Top view, 

3. Right side view. 

4. Standard practices - three views are used. 

D. Theory of projection. 

Imagine object in a plastic box. 

Outlines of the object projected to 
the sides of the plastic box. 

Open the plastic box. 

a. Reveals how three views are 
established. 

Top and front views with same width. 
Side and front views drawn with same height. 
Top and side views drawn with same depth. 

(5 of 9) 



1. 
2. 



SCBT 420.1 BA IG 1.2.4 
INSTRUCTOR ACTIVITY STUDENT ACTIVITY 



II. A. Show film. MC-6797A, 
"Engineering Drawing, Orthog- 
raphic Projection 11 . 

II. B. thru K. Show slides "or 
drawing" . 
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SCBT 420.1 EA IG 1.2.4 

OUTLgjg OP INSTRUCTION INSTRUCTOR ACTIVITY STUDENT ACTIVITT 



5, Other views available, left aid*, back, 
and bottom views. 

E. Planet of projection, 

1. Sidee of transparent box are planee of 

projection. 

2. Horizontal, frontal and profile planes, 

3. Drawn in the true shape of the object. 

4. Surfaces at right angles to planes of 
projection are seen as lines. 

F. Hidden surface/features, 

1. Hidden lines indicate hidden surface/ 
features. 

a. Hidden lines - short dashes approx- 
imately 1/8" long and spaced 1/16" 
apart. 

G. Selection of the Main Viev - Front View. 

1. Select view that tells the most about 
the object. 

2* Other views -all into place from the 
front view. 

H. Slanted Surfaces. 

1. Shape may appear similar in two views. 
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SCBT 420.1 EA U 1.2.4 
STUDENT ACTIVITY 



OCTLQg Of INSTRUCTION 



INSTRUCTOR ACTIVITY 



J. 



K. 
L. 

ERIC 1? G 



2. Slanted surfaces appaar f oraahortaoad 
In iom vlaws . 

3. Ona viav must show trua dimension of 
a lan tad surface. 

Probleaa. 

1. Co Bp lata tha top view whan given the II. 1. 1. Collate the view 
front and right aide view, on the C/B. 

2. Draw the missing right-aide view when II. 1. 2. Collate the view 
given the front and top view. on the C/B. 

Describing round objects. 

1. Two viewa May become identical - eliminate 
one. 

2. Holes ahown as hidden lines in some 
views . 

a. Uae center lines to indicate holea. 

b. Center linea are thin llnea, long 
daahea with ahort dash cross at 
center of hole or arc* 

3. Select the beat view as front view, 
will ahow the moat detail. 

Holes, 8 lota, cyllndera and other aurfacea 
are drawn in regular order. 

Order of drawing. 

1. Find the primary center of paper and 
locate baae llnea for the objects. 



OOTLIMK OF IM8TI0CTI0H 

2. Block In views, light construction lints. 
3* Locate centers of circles/arcs In all vims. 

4. Draw circles/area. 

5. Draw remaining figure. 
III. Application. 

A. Quastlons and Discussion. 
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SCIT 420.1 EA x.2.4 
IKSTROCTOt ACTIVITT STUDENT ACTIVITY 



III. A. Quastlons. 

1* Naat tba planes of pro- 
J action in orthographic 
pro J act ion. 

2. Hidden llnas ara usad 
for shoving what features? 



3. Whar plana is tha raar 
plana attached to? 



4. Bow do you determine 
tha number of views to use? 

5. What llnas on a drawing 
ara secondary? 



Ill .A. Answers. 

1. Front, back, top, 
bottom, right, and 
left sldaa. 

2. Faaturaa that do 
not appear on a plana 
of projection as. a line. 

3. May be hinged to 
any plane except the 
front, generally the top. 

4. By the features of 
the object. 

5. Hidden, and center 
line*. 
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OUTLINE OF IHSTRDCTIOH 

B. Practical Parforaanca 



t 



IV. St—ury: 

A. Purpose of Orthographic Projection. 

B. Viewing the Object, 

C. Theory of Orthographic Projection. 

D. Plane* of Projection. 

E. Hidden Surfaces/Features. 

F. Selection of the Front View. 
6. Slanted Surfaces. 

H. Describing Round Objects. 

I. Order of Drawing. 
v - Test. 

A, Demonstrate ability to make good 
orthographic drawings using con- 
ventional drafting equipment. 
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_ SCBT 420.1 EA _G 1.2.4 

INSTRUCTOR ACTIVTTT STUDKWT ACTIVIT Y 

EsimTlfS T ? laln 111 B * p «<*lcaand 
S?L ^f 4 2 l,2,Aa ' •«* Job ahaat ra- 
"Orthographlc Projactlpn". qulraaanta. 
Gulda atudanta la application 
of orthographic drawing.. 

Evaluata itudant parforaanca 
on coaplatad work 
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t NAVAL OQNS^ntUCTIOH TRAKIHG CENTER 

PORT HUENEME, CALIFORNIA 93043 
SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 420.1 

JOB SHEET 

TITLE: ORTHOGRAPHIC PROJECTION 

INxRODOCnON : The principal task In learning orthographic projection ia 
to be com thoroughly familiar with the theory and then to practice thia 
theory by tranaiating from a picture of an object to the orthographic 
views. Thia job sheet will aaaiat you in properly completing the practical 
assignment of preparing orthographic projections. After assembling the 
neceaaary tools and materials, read through the procedures rapidly to get 
a general picture of the requirements , then prepare the aealgned orthographic 
drawings . 

REFERENCES : 

1. Military Standard, Engineering Drawing Practice* MIL-STD-10QA, Pagea 9 
and 45. 

2. Engineering-Technical Drafting and Graphics, Chapter 5, pp. 89-103. 

3. Engineering Aid 3 & 2, NAVPERS 10634-B, pp. 122-123. 
TOOLS , EQUIPMENT AND MATERIALS : 

1. Sketch pad. 

2. Engineers scale. 

3. Architects scale. 

4. Compass. 

5. Pencils (as necessary). 

6. Erasing snield. 

7. Cleaning pad. 

8. 45 degree triangle. 

9. Two (2) "B" size tracing sheets. 

10. T-square. 

11. Drawing board/ table. 

12. Drafting tape. 
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PROCEDURES : 

Part 1: Prepare layout sketches of both problems referred to on this 

Job nheet. These sketches will meet the requirements of topic 
2.1.5 of Basic DraftlnR and be approved by tha Inn true tor prior 
to Htartlng Problem 1 and 2. 

Part 2: Draw each problem on a "B" size sheet of tracing paper with 

standard borders in accordance with MIL-STD 100A, Page 9, omit 
title block and revision block. Leave all construction linas 
on finished drawings. Labal all views with 3/16" high letters. 
Place your last name in the lower right-margin in 5/32" high 
letters. Hake a print of each drawing following procedures of 
Job Sheet SCBT 420.1 EA JS 1.2.8.1. 

Part 3: Completed work must meet the acceptable standards of Evaluation 

Guide SCBT 420.1 EA EG 1.2.0.1 for visible lines, line convention, 
tangents, format, accuracy and solution. 

PROBLEM #1 

Draw a 3 view orthographic drawing showing the "Special center-scored 
jamb-corner" masonry unit, scale 3" 10". 

PROBLEM #2 

Draw a full scale 3 view orthographic drawing of the "Reversing Fork". 
QUESTIONS : None 
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SPECIAL CENTER - SCORED JAMB -CORNER 
HEAVYWEIGHT CONCRETE MASONRY UNIT 



ACTUAL SIZE: 7 3/3" X 7 5/B M XJS 5/8 

MCV.INA.I. SIZE : 8 x 8 x 16 

web rHiCKNESS : i i/4 - 

UKPTH OF SCORE : 3/8" 

RAOU : r 
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NAVAL CONSTRUCTION TRAINING CENTER 
PORT HUENEME, CALIFORNIA 93043 
SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 420.1 



Classification: Undaaaified 

Topic: Sections and Dimension* 

Average Time: 3 Periods (Class) 6 Periods (Pract) 
Instructional Materials: 

A. Texts : 

1. Engineering-Technical Drafting & Graphics, 
Chapters 6 and 8. 

B. References: 

1. Architectural Drawing & Light Construction, 
pp. 48-54 and pp. 189-195. 

2. General Drafting, TM5-230, pp. 77-81 and 
pp. 87-95. 

C. Tools, Equipment and Materials: 



1. Drawing board/ table. 

2. Architects scale. 

3. T-square. 



Terminal Objective: Upon completion of this unit the 
student will be able to use the tools of a draftsman 
and perform the techniques end procedures related to 
basic drafting. All problem solutions submitted by the 
student es his finished product will meet the minimus 
requirements of Evaluation Guide SCBT 420.1 EA EG 1. 2.0.1. 

Enabling Objectives: Upon completion of thia topic the 
student will be sble to construct three sectional views 
of mechanical and construction objects with dimensions 
and notes as specified for mechanical and construction 
drawings end using standard drafting instruments. Tracing 
of a completed drawing other than one executed by the 
student and the use of templates sre not acceptable draw- 
ing procedures. The drawing submitted by the student as 
his finished assignment will meet the acceptable standards 
of SCBT 420.1 EA EG 1.2.0.1, for all 10 parts of a draw- 
ing and of an opaque quality sufficient enough to make a 
legible Dlaso reproduction. 

Criterion Test: The student will demonstrate his sbility 
to draw sections by sccomplishing the requirements of 
SCBT 420.1 EA JS 1.2.5.1, "Sections end Dimensions". 

Homework: Resd 

Engineering-Technical Drafting 4 Graphics, pp. 110-132 
and pp. 187-201. 



136 



9 

ERIC 



(1 of 20) 



1S7 






/I3 



SCBT 420.1 EA .6 1.2.5 



4. 


45* triangle. 


5. 


Compass . 


6. 


Tracing paper, 11" x 17" 


7. 


Drafting tape. 


8. 


Dividers. 


9. 


Pencils. 


10. 


Erasing shield. 


Training Aids and Devices: 


1. 


Films: 



a. MC-6794-A "Engineering Drawing-Sect iona 
and Convent iona" CIS mln.) 

b. MC-6796-A "Engineering Drawing, Selection 
of Dimensions" (18 min.) 

c. 091792 - "Dimenaioning", Part I, Set 4, 
McGraw-Hill Book Co. 

d. 091795 - "Diraenaioning", Part II, Set 4, 
McGraw-Hill Book Co. 

e. 09179o - "Sectional Viewa", Set 4, 
McGraw-Hill Book Co. New York, K.Y. 

2. Locallv Prepared Material: 

a. Job Sneet, 

(1> <CBT 420.1 EA JS 1.2.5.1, 



>ection8 and Dimension 
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E. Training EquipMnt: 
1. Projectors. 

a. 16 ■» Sound. 

b. 55 no Slid*. 
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OUTLINE OF INSTRUCTION 

I. Introduction to the lesson. 

A. Establish contact. 

1. Name. 

2. Topic: Sections and Dimensions. 

B. Establish readiness. 

1. Purpose. 

2. Assignment. 

C. Establish effect. 
1 . Value . 

a. Pass course. 

b. Perform better on the job. 

c. Get advanced. 

d. Be a better Engineering Aid. 
"\ Overview. 

1. You will be able to construct sectional 
views of mechanical and constructional 
items • 

2. Ask questions. 

3. Take notes. 
A. Textable. 
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SCBT 420.1 EA 
INSTRUCTOR ACTIVITY STUDENT 



IG 1.2,5 
ACTIVITY 



I. A. Introduce self and topic 



I.B. Motivate student 



I.C. Bring out need and value 
of materials being presented. 



I.D. State learning objecives 

I.D.I. State information and 
materials necessary to guide 
student* 
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SCBT 420,1 EA 1 , 1.2.5 

OUTLINE OF INSTRUCTION INSTRUCTOR ACTIVITY STUDENT ACTIVIT Y 

II. Presentation* 

A. Dimensions. 

1. Definition. 

a. Text - A dimension is a numerical value 
expressed in appropriate units of measure. 
It is Indicated on drawings in conjunction 
with lines, symbols and notes to define 
the geometrical characteristics of an 
object. 

2 . Requirements . 

a. Interpretation. 

(1) There shall be only one inter- 
pretation. 

(2) May deviate from rules only if 
clarity improved. 

b. Adequacy. 

(1) Dimensions must be complete with- 
out repetition. 

(2) Dimension to surface, line or point. 

(a) By one set of dimensions only. 

(b) Dimensions shall not be dupli- 
cated in other views unless 
clarity can be improved. 

3. Systems. 
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OUTLINE OF INSTRUCTION INSTRUCTOR ACTIVITY STUDENT ACTIVITY 

a. TWo basic ays teas used. 

(1) Aligned. 

(a) All dimensions and their . 
corresponding numbers are so 
spaced so that they nay be read 
from the bottom or from the 
right-hand edge of the drawing. 

(b) Nmbers, guide lines parallel 
to dimension line. 

(2) Unidirectional. 

(a) All dimensions are made to read 
from the bottom of the drawing. 

(3) Aligned is preferred and will be 
used in this course. 

(A) Dimensions up to and including 72 M 
may be expressed in inches. 

(a) Over 72 inches, expressed In 
feet and inches. 

JU Example: 8' - 7". 

5 . dimensioning Conventions , 

1. Dimensions - Applications: 

a. Extension lines. 

(1) Thin lines. 

19G 197 
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OUTLINE OP INSTRUCTION 



INSTRUCTOR ACTIVITY 



SCBT 420.1 EA IG 1.2.5 
STUDENT ACTIVITY 



(2) Shall start 1/16 M from object line. 

(3) Shell terminate 1/8" beyond dimen- 
sion line. 

b~ Dimension lines. 

(1) Thin line. 

(2) First line 3/8" from object lines. 

(3) To be minimum of 1/4" apart. 

(4) Dimension lines in architectural 
are solid. 

(a) Figures above lines. 

(5) Machine, lines will be broken for 
figures . 

c. Arrowheads. 

(1) Shall be small, solid, no hooks. 

(2) The point shall be as thick as line. 

(3) Should be 1/3 as wide as length. 

(4) No other type of arrow will be accepted. 
£. Center lines as dimension lines. 

(1) Usually end 1/8" beyond obje.ct line. 

(2) Same rules apply as extension lines 



when used as such. 
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Leader lines. 
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OUTLINE OF INSTRUCTION 



INSTRUCTOR ACTIVITY 



SCBT 420.1 BA IG 1.2.5 
STUDENT ACTIVITY 



(1) Architectural 

(a) Freehand and thin. 

(2) Machine 

(a) Mechanical and thin. 

(3) Leaders shall terminate on surface 
point or edge with arrow. 

(a) Leaders shall start in center of 



(4) Leaders look better if drawn parallel 
to each other. 

(a) NEVER parallel to lines of draw- 
ing. 

(b) Approximately 60° is reconended . 



a. Color 

(1) The use of colored pencils for 
dimensions does not adversely affect 
an original's reproduction quality. 

(2) Colors 
(a) Red - Makes original easy to 



start or finish of note. 



2. Rules for dimensioning. 



read. 



1 Contrast between black and 
red. 
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OUTLINE OF INSTRUCTION TN^TBiirrnp a WVTW SCBT 4 ?2. # i M fi IG 12 * 5 

— — INSTRUCTOR ACTIVITY STUDENT ACTIVITY 

(b) Blue - Some blues will not 
reproduce. Good for writing 
information on originals for 
office use only. 



b. Flacing dimensions 

(1) Shorter dimensions nearer object. 

(2) Center between arrowheads (numerals), 
c Dimensioning holes and arcs. 

(1) All holes and arcs shall be dimen- 
sioned by leaders. 

(2) Leaders for holes. 

(a) Holes 5/8" or larger. 

_1 Extend across holes. 

(b) Smaller than 5/8". 

_1 To surface of circle, 

centered between center lines. 

(3) Holes and arcs dimensioned on view 
they appear. 

(4) Always locate holes by center lines. 

(a) On view they appear. 0 
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OUTLINE OP figTlPCTIOM 

(5) Fillets and rounds/ 

(a) By radius. 

(b) Refer to NIL Standards. 

d. Chamfers 

(1) Two way*. 

(2) Whan apaca 11ml tad. 
(ft) By note. 

(b) Rafar to MIL-STD. 

(3) Whan apaca permits. 

(a) By nota. 

(b) Extension lines and angles. 

e. Wood - Center- to-Center or Face-to- Face. 

(1) Openings to center. 

(2) Corner poet - face or post not face 
of exterior siding , 

f . Concrete . Face-to-face . 

(1) Openings - face-to-face 

(2) Wall thickneas mist be given. 

g. Steel. Center-to-center or face-to-face 
90 A ^ Openings - face across. 

ERIC 

un^te '2) Member size dimension given by note. 
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INSTRUCTOR ACTIVITY STPDKMT ACTIVITY 
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SGBT 420.1 EA IG 1.2.5 

OUTLINE OF INSTRUCTION INSTRUCTOR ACTIVITT STUDENT ACTIVITY 

h. Sectioning - Show typical section wich 
required dimension*. Thie ehould eleo 
include details. 

i. Other rules. 

(1) These rules must be followed unless 
clarity Improved. 

(2) Questions not answered by these rules 
will be answered in MIL-STD-8C. 

(a) Dimension off view. 

(b) Dimension off cut surface of 
section views. 

1 Omit section lines around 
mnerals when necessary to 
dimension on surface. 

(c) Between views. 

(d) One view only. 

(e) Mid-way between arrowheads. 

(f) All notes must be read horizon- 
tally. 

(g) Never use extension lints, 
centerlines or object lines as 
dimension lines. 

(h) Never cross dimension lines vith 
extension lines. 

o 20b (11 of 20) 207 
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INSTRUCTOR ACTIVITY 



SCBT 420.1 EA IG 1.2.5 
STUDENT ACTIVITY 



1 If must cross , break 
extension lines. 

(1) Avoid dimensioning to hidden 
lines. 

(j) Extension lines do not break 
crossing object lines. 



C. Importance of Sections. 

1. Clarity of construction Materials, 
a. Hidden lines to show features. 

U) Result hodgepodge of lines. 

2. ^ar is a section. 

a. Imaginary cut or plane. 

,11 Material in front removed. 

b. Stsult is line and x-ray, allows people 
- see interior details. 

D. Couvs-::.— a. Used in sectioning. 
1. : uig plane. 



a 



imaginary cut or plane. 



- ^icated on a drawing by: 



Arrows with letters 1/4" high. 
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Circles , squares or etc. with 
numerals and letters which give: 
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SCBT 420.1 EA IG 1.2.5 

OUTLINE OP INSTRUCTIOH INSTRUCTOR ACTIVITY STUDEKT ACTIVITY 

(a) Section 

(b) Number 

(c) Sheet on which section is 
drawn • 

2. Outline of solid objects. 

a. Object or visible lines. 

b. Shows outlines of materials and voids 
in betweeen. 

3. Hidden features. 

a. Sections are drawn to get away from this 
problem therefore , omit them on drawing. 

b. Only for clarity. 

4. Holes, ribs, and spokes. 

a. Revolved Into cutting plane. 

b. Shown on section for true representation. 

5. Bolts , screws, shafts, rods, rivets, and 
objects of this type. 

a. Draw as if viewed from outside, not 
sectioned. 

6. Cross-hatching 

a. Section lines shall be composed of uniform- 
ly spaced lines drawn at 45 to the base line. 
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SCBT 420.1 EA I ' A .2.5 
STUDENT ACTTVttv 




INSTRUCTOR ACTIVITY 

(I) Adjacent parts shall have section 

line* drawn in the opposite direction. 




(2) When third part drawn, section lines 
drawn at 30° to 60°. 






7. Lettering on sections. 






Osiit section lines in this area. 






8. Section titles 






Cutting plane indication letters always 
appear with the title. 






b. Section 5/32" high. 






c Letters 1/4" high. 






E. Types of Sections 






I. Full section 






a ' LltT. T a±ne < whan cuttlng plane 

across the entire object. 






2. Half section 






a ' ihl^V' * •y" etric « 1 °bJect which shows 
the internal and external features. 






b. This is accomplished by passing two cutting 
Planes at right angles to each other along 
center lines of symmetrical axis, thus one 
quarter of the object is considered r e«oved 
and interior exposed ro view. 
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IWSTKDCTDt apttut~ SCBT 4 f0.11A IG 1.2.5 

3. Broken out sections. 

b. The sppropriate breek linss are used. 

(1) To separate the section fro. the 
exterior view. 

4 - Revolved sections. 

'* SVS'SS Pl f? 6 1S P *" ed Wsndiculer 
to ths center line or axis of the part to 

rotsted in place and drswn on view. 
5. Revolved partial section. 

*• Used to show only part of an object. 
(1) Face configuration 
r- Removed section 

" object'? iUU8trate P a «icul. r part8 of an 
b " onTTiae reV ° lved 8ec ti°ns but drawn to 
c Usually drawn to larger scale. 

(15 of 20) 215 
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SCBT 420.1 EA IG 1.2.5 

OUTLINE OF INSTRUCT! OH INSTRUCTOR ACTIVITY STUDENT ACTIVITY 

7. Pictorial section 

a. Used because of simplicity in reading. 

b. In pictorial work show both external and 
internal features on one drawing. 

c. Full, half and broken-out sections most 
coaon. 

8. Thin sections 

a. Used to represent planes, gaskets, and 

other parts. 

(1) Scale too small to draw a conventional 
section. 

9. Offset section 

a. When the cutting plane must follow an 
irregular path thru an object. 

(1) This is done to include features 
that otherwise would be omitted. 

10. Aligned sections 

a. When the true projection of a piece may 
be misleading. 

(1) Such as ribs, spokes or similar 
elements . 

b. Draw as if rotated in or out of the 

cutting plane. 2X7 
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OUTLINE OF IMST8PCTIOH 
III. APPLICATIOH 

A. Qusstlons and Discussion 
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msntucTOi ACTivm stoddit activity 



OUBSTIOHS; 

a. What dimanaional aye tern 
la praf arrad by tha military? 

b. What ara tha rulaa for 
drawing dimenaion lines? 



c. On what typa of drawing 
ara dimension lines brokent 

d. Whara do tha arrowheads 
on laadara tarminate? 

a. Whan la It parmlaalbla 
to draw tha laadar acroaa a 
hola for dimensioning? 

f. How ara flllata and 
rounds dimensioned? 

g. If you must croaa 
dimension and ax tana ion lines 
which Una should you break? 

h. Whan Is it permissible to 
deviate from the rules for 
dimensioning? 



AHSWPS; 
a* Aligned 

b. Thin, firat 3/8* 
from object, 1/4 to 
next line. 

c. Machine 



d. Surface point or 
edge. 

e. When the hole is 
5/8" or larger. 



f . By radius. 



g. Extension lines. 



h. For clarity. 



i. What is a sectional view? 1. Inside view of object. 
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B. Practical Application 

IV. SUMMARY: 

A. Dimensions 

1. Definition 

2. Types 

3. Systems 

4. Requirements 

B. Dimensioning Conventions 

1. Application 

2. Rules for 

ERIC 220 
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420.1 1A IG 1.2.5 
STUDPTT ACTIVITT 

j. Hidden features not 
shown in other views. 

k. Two cut planes at 
right angles on axis of 
symmetrical object, 1/4 
object removed. 

1. When drawn to large 
scale and for clarity . 

m. Where are reference let- m. Changes of direction, 
ters used in conjunction with 
cutting plane? 

III.B. fasa out and Explain III.B • Work on Job sheet 
SCBT 420.1 EA JS 1.2.5.1 Guide requirements under ina true- 
Students in application. tor guidance. 



J . When should a sectional 
view be drawn? 

k. Describe a half-section. 



1. When is a revolved sec- 
tion removed? 
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SCBT 420.1 EAIG 1,2.5 
STUDENT ACTIVITY 



C. 



Importance of Sections 
Sectioning Convention 

1. Cutting plane 

2. Outlines 

3. Hidden features 

4. Holes, ribs, and spokes 

5. Bolts, screws, shafts, rode, rivets, and etc. 

6. Cross hatching 

7. Lettering on sections 

8. Seefclon titles 

Types of Sections 

1. Full section 

2. Half 

3. Broken out 

4. Revolved 

5. Partial revolved 

6. Removed 

7. Pictorial 



8. 



Thin 
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SCBT 420.1 BA IG 1.2.3 
STODDTT ACTIVITT 



9. Offset 
10. Aligned 
V. TEST 

A. Job Sheet Coapletion 

1. Students oust satlaf actorily complete job 



sheet requlr 
work day. 



its prior to start of next 



2^A 



(20 of 20) 



2?5 



SCST 420.1 BA JS 



1.2.5.1 /3°*~ 




NAVAL CONSTRUCTION TRAINING CENTER 
MKT HUKNRMK, CALIFORNIA 91043 
SPECIAL CONSTRUCTION BATTALION TRAINING (SCOT) 420.1 



JOB SHEET 



TITLE : SECTIONING AND DIMENSIONING 

INTRODUCTION ; The. purpose of thla job sheet is to guide you in the 
practical work assig nm e n t in Motioning sod dimensioning • After — s— bling 
the necessary tools end materials, read over the procedures rapidly to get 
a general picture of the drawing requirements , then complete each of the 
assigned pistes. 

REFERENCES ; 

1. Engineering-Technical Drafting end Graphics, pp. 110-136 and 187-204. 

2. Architectural Drawing and Light Construction, pp. 48-32 end 191-195. 



TOOLS, EQUIPMENT AND MATERIALS: 



1. 


Drawing board/ table. 


2. 


Three sheets "B" size tracing paper. 


3. 


Drafting tape. 


4. 


Architects scsle. 


5. 


Dividers . 


6. 


Pencils (as necessary) . 


7. 


T-square . 


8. 


Erasing shield. 


9. 


Triangles . 


10. 


Compass . 



PROCEDURES; On an "A'* size sheet sketch out the solution to the drawing 
problem for instructor approval before proceeding to do the final driving, 
sketch will meet the minimum requirements of Topic 1.2.2 "Basic Sketching". 

Draw each drawing on a "B" size sheet of tracing paper, coaplete with proper 
border as noted in MIL-STD-100A, Page 9. Omit the title amd revision blocks. 
Include all mechanical dimensions, properly applied, necessary for proper 
fabrication. Leave all light construction lines on finished drawings. Place 
your last name in the lower right margin in 5/32" high letters. 
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Maka a print of aach drawing following tha procadura sat forth in SCBT 420.1 
EA JS 1.2.8.1. Coaplatad work oust nsat tha accaptabla standards of SGBT 
420.1 EA EG 1.2.0.1 for via lb la linaa, diasaalons, lina coovantions tanfsnta, 
format, lattarlng mmarals and fractions, accuracy and solution. 

QUESTIONS : Nona 

* 

PROBLEM 1 . 

Redraw th« top view of tha following obj.ct to 1/4 seal. (3"-l , -0") . Draw 
the front viaw in t.ctlon. Not. th. aatarlal and ua. propar tyabola. 




ERIC 



(2 of 4) 

227 



SCBI 420.1 U.JS.1.2.5.1 



PKOBI.KM 2, 



Cover Plate : Reproduce the front view and draw the top view «• • full 
section. Material, concrete. Views are to be drawn full scale and using 
mechanical diaenaioning. 
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Problta 

Redraw tha two viaws shown plus a third viaw in full taction of tha objact 
balow to full acala, not a tha natarial, uaa of ptopar aynbola, and uaa 
aachanical diannalonlnf. 
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NAVAL COHSTHJCTIOB TIAIMING CSHTS& 
PORT HUEHEME, CALIFOWIA 93043 
SPECIAL COHSTIUCTION BATTALION T1AIMING (SCBT) 420.1 



Classification: Unclassified. 
Topic: Auxiliary Projection. 

Average Time: 2 Period (Class) 7 Periods (Pract). 
Instructional Materials: 

A. Texts . 

1. Engineering Aid 3 & 2, NAVPERS 10634-B 

2. Engineering Technical Drafting & Graphics, 
2nd Edition. 

B. References: 

1. Architectural Drawing & Light Construction 

2. General Drafting, TM5-230. 

C. Tools, Equipment and Materials: 

1. T-square. 

2. Drawing table. 

3. Architects scale. 
* . Compass • 

5. 45 degree triangle. 



Terminal Objective: Upon completion of this unit the 
student will be able to use the tools of a draftsman 
smd perform the techniques and procedures related to 
baaic drafting. All problem solutions submitted by the 
student aa hla finished product will meet the nlnimta 
requirements of Evaluation Guide SCBT 420.1 EA EG 1.2.0.1. 

Enabling Objectivee; Upon completion of this topic the 
student will be able to construct a two-view orthog- 
raphic drawing of a structure with an accompanying auxiliary 
view following the fu n d a mentals of orthographic. and aux- 
iliary projection while using standard drafting instru- 
ments. The figures of the drawing are to be annotated with 
dimensions and notes aa specified for construction draw- 
ings. Individual Instructor guidance, textbooks and 
other drafting publications may be utilised in the per- 
formance of this topic. Tracing of a completed drawing 
other than one executed by the student, and the use of 
templates are not acceptable drawing procedures. The 
drawing submitted by the student as his finished assign- 
ment will meet the acceptable standards of SCBT 420.1 
EA EG 1.2.0.1, for visible lines, notes, line conventions, 
tangents, format, lettering, numerals and fractions, ac- 
curacy and solution and be of an opaque-quality sufficient 
enough to make a legible Dlaso reproduction. 

Criterion Test: The student will demonstrate his ability 
to draw an auxiliary view by completing the requirements 
of SCBT 420.1 EA JS 1.2.6.1 "Auxiliary Projection". 
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SCBT 420.1 EA 1 1.2 

HoMuork: iMd 

6* Tracing papar, laglna ring Aid 3 & 2, pp. 138-140 . 

7. Drafting tapa. Drafting and Graphics . Ch. f, pp. 207-210, 

I. Drawing pencils. 

9. Br anar. 

10. Braalng ahiald. 

D. training Aids and Darlcaa: 

1. FllM. 

a. MC-6792A "Enaine.rint Drawing-Auxiliary 
Vleve", (23 a in.) 

2. Slldaa. 

a. 091793, Sat 4, "Auxiliary Vieva and 
lalatad Conatruction, McGraw-Hill, 
New York, N.Y. 

3. Locally Prepared Material. 

1. Job Sheet. 

a. SCBT 420.1 EA JS 1.2.6.1, 
"Auxiliary Projectiona". 

E. Training Aide Equipment. 
1. Pro Jec tore. 

a. 16 am Motion Picture. 

b. 35 mm Slide. 
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OUTLIHB OF mSTMJCnOM 

I. Introduction to the lesson. 

A. Establish contact . 

1. Nm. 

2. Topic; Auxiliary Pro J act Ion. 

B. Establish readiness. 

1. Purposa: Furthar ability In drafting. 
2- AasignMnt: One "B" slsa drawing. 

C. Establish affact. 
1. Valua. 

a. Pass course. 

b. Perform better on the' job. 

c. Get advanced. 

d. Be a better Engineering Aid. 

D. Overview: 

1. You will be able to draw auxiliary views 
using necessary views of an orthographic 
projection - drawing will meet standards 
of evaluations as noted in evaluation 
guide . 

2. Ask questions. 

3. Take notes. 

4. Testable. 



234 



INSTRUCTOR ACTIVITY 



SCBT 420.1 EA IG 1.2.6 
STUDENT ACTIVITY 



I. A. Introduce self and topic. 



I.E. Motivate student 



I.C. Bring out need * valua 
of material being praaented. 



I.D. State learning objectives* 

I.D.I. State Information and 
materials necessary to guide 
student. 



(3 of 8) 
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ODTLDiB OF INSTRUCTION 
II. Presentation: 

A. Introduction 

B. Why Auxiliaries Art Used. 

1. To find the true shape of an inclined sur- 
face not perpendicular to one of the «ajor 
views. 

2. Auxiliary views are accomplished byt 

a. (Using the transparent box concept) set 
a projection plane parallel to the 
slant surface. 

b. The outline of the slant surface will 
project to the projection plane in its 
true shape - called the auxiliary plane. 

C. Constructing Auxiliary Views 

1. In many cases an auxiliary view takes the 
place of one of the major views. 

2. Draw a line parallel, at a convenient 
distance, to the slant surface. 

3. From this view, project the extremities of 
the auxiliary view. 

^. From the other view, determine the other 
dimension of the auxiliary. 

5. Darken in view. 

q t. May be drawn off any of the regular views 

gpj£ 23 Q in which a slant surface appears as an edge. 



_ e 

SCBT 420.1 BA IG 1.2.6 
INSTRUCTOR ACTIVITY STODBWT ACTIYITT 



II.A. Show fila - 
"Engineering Drawing-Auxiliary 
Viewe" , MC-6792A. 

II. B. Slides - "Auxiliary 
Views" - Outline of instruc- 
tion follows the slide pre- 
sentatlon , 091793. 
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OUTLIKK OF IBSTBMCTIOH 
7 • Problem 
D. Auxiliary Views Involving Circles 

1. Locate points outlining the circle view. 

2. Drop cords over curved surface* 

3. Project cords to other view. 

4. Project cords out perpendicular at point of 
contact on the slant surface* 



5. Establish a centerllne for the auxiliary - at 
a sufficient distance away and parallel to 
slaht surface. 

6. Transfer cord lengths (center line to outside 
of circle) from circle view to auxiliary - 
located by following lines of projection - 
set off lengths from established center line 
of auxiliary. 

7. Darken in view 

E. For Auxiliaries of Surfaces Which Are Not Shown 
In True Length On Any Of The Principal Views 

1. Establish an auxiliary center line parallel 
to the slant surface - distance greater 
than any measurement of the object. 

2. Project extremities of slanted surf see. 

3. Transfer other dimension from other view 
to auxiliary (1/2 on each side of center 
line) . 



INSTRUCTOR ACTIVITY 



SCBT 420.1 EA K 1.2.6 
STUDENT ACTIVITY 
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II.C.7. Construct a problem on 11,0,7* Students respond 
chalkboard given two views, in establishing solu~ 
and make auxiliary. tion to the problem. 
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OUTLDH OF INSTRUCTION 



IMS TIDCTOfc ACTIVITY 



SCBT 420.1 EA IG 1.2.6 
STUDENT ACTIVITY 



F. 



G. 



4. Establish all corners and futures. 

5. Darken In view. 

Auxiliary Views for Uns j M e trical Objects 

1. Establish a reference plane for the object. 

2. Construct reference plane line parallel 

to slanted surface at a sufficient distance 
to allow for view. 

3. Transfer measurement • and measure from 
reference plane line In auxiliary. 

4. Darken in view. 

Other Uses of Auxiliary Views 
1. Partisl auxiliary view 

a. To completely describe an object with 



a minimum of drawing. 



Auxiliary sections 



a. To clarify interior details. 



III. Application: 



A. Questions and Discussion 



III .A. Questions 



III .A. Answers 



1. Define an auxiliary 
projection* 



1. An orthographic 
projection on a plane 



which is not one of 
the principal planes 
of projection. 
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OUTUMB Of IHSTtDCTlOM 



IMSTRDCTOK ACTIYITT 



B. Practical Performance 



9 
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Summary: 
A* Why Auxiliaries Are Used. 

B. Constructing Auxiliary Views. 

C. Auxiliary Views Involving Circles 

D. Auxiliary Surfaces Which Do Not Show The True 
Length In Any Principal View 

212 



SCBT 420.1 EA IG 1.2.6 
STUMEHT ACnviTT 



2. What la the purpose of 
auxiliary views? 



3. Hon many orthographic 
views should you draw for 
cone true t lag «* auxiliary 
view? 

4. In what type of auxiliary 
la it nacaaaary to uaa many 
points of projection? 

5. Bow would da telle of the 
Interior of an object with 

a slant surface be shown? 

III.B. Pass out and explain 
SCBT 420.1 EA.JS. 1.2,6.1 
"Auxiliary Projection 1 *. 
Guide students in applica- 
tion of aaklng auxiliary 
views. Evaluate student per- 
formance on completed work. 



2. To show Inclined 
surfaces, features, 
and Important dimen- 
sions. 

3. Generally, two 



4. auxiliary Involving 
a circle. 



5. By using an auxil- 
iary aectlon. 



III.B. Practice and work 
job eheet requirement a. 



2-13 
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SCBT 420.1 BA IG 1.2.6 

OPTLIHt 0? DBTtUCTION IHSTRUCTOft ACTIVITY STUDENT ACTIVITY 

I. Auxiliary Views for Onsysaetrlcal Objects 

P. Other Vses Of Auxiliary View* 
V. Test: 

A. Deaonstrate ability to sake good auxiliary views 
using conventional drafting equipment. 
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SOW 420.1 RA J8 1.2,6,1 

NAVAL CONSTRUCTION TRAINING CENTER 
PORT IIUBNEMK, CALIFORNIA 93043 
SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 420.1 

JOB SHUT 

TITLE: Auxiliary Projection. 

INTRODUCTION: The purpoae of tola job shoot la to aaaiat you la the proper 
completion of your practical eealgnaent in auxiliary projection. After 
aaaaabllng the aeceaaary too la, equipment and aateriala, read over the 
procedurea rapidly to get a general picture of the drawing requirenenta. 
then prepare the drawing, injuring coaplienca with the requirements. 

REFERENCES ! 

1. Military Standard, 7 lneerlng Drawing Practicaa, MIL-STD-100A, 
Pagea 9 and 45. 

2. Engineering-Technical Drafting and Graphica , Chapter 9, pp. 207-212. 

3. Dimensioning and Tolerancing for Engineering Drawings, US AS I T14.3 - 
1966, American Society of Mechanical Engineer a, Chapter 1. 

4. Engineering Aid 3 & 2, pp. 138-139. 
TOOLS, EQUIPMENT AND MATERIALS: 

Equipment. > 



1. 


T-square. 


2, 


Drawing board/ tab la. 


3. 


Architects scale. 


«* , 


Coop ass. 


5, 


45 degree triangle. 



Material. 

6. Tracing paper, 1 sheet site "C". 

7. Drafting tape. 

8 . Pencils . 

9. ' Eraser. 

10. Erasing Meld. 
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PBOCEDUKES: On a "A" sis* sheet, sketch out the solution to the drawing 
problsa for Instructor approval bafora proceeding to do tha flxuu dr airing. 
Ml sketches will Mat tha minima requirements of Topic 1.2.8"Baaic 

Sketching'. 

On a H B" site a hast of tracing paper, with standard bordars In accordanca 
with HIL-STD-10QA, Paga 9 9 omit tltla block; draw two principal vlewa and 
a partial auxiliary vlsw. Layout procaduras should ba In accordanca with 
"Engineering- Technical Drafting and Graphics", Chap tar 9* Induda all 
mechanical dimension?, properly appllad in accordanca with OSASI 114,3 - • 
1966, Chaptar 1. 

Placa last nana In lower right aargin In 5/32" high letters. Maka a print 
of your finished drawing following SCBT 420*1 BA JS !• 2.6.1* 

Labal all sub tltlaa with 3/16" 1st tars. 

Completed drawings aust naat tha acceptable standards of evaluation guide 

EA EG 1.2.0.1. 
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A. Make a dimensioned drawing of the rod guide of the sketch 
on this page showing the necessary principal and auxiliary views. 
Use aechanical dimensioning ss shown. 



ROD GUIDE 




HOLE THRU STOCK 

ALL ROUNDS AND FILLETS T/4 R 
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SCBT 420*1 EA IG 1.2.7 



NAVAL CONSTRUCTION TRAINING CEHTEft 
PORT HUEHHE, CALIFOWIA 93043 
SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 420.1 



Classification: Unclassified 
Topic: Isometric and Oblique Drawings 
Average Time: 3 Periods (Class) 6 Periods (Pract) 
Instructional Materials: 

A. Texts: 

1. Engineering Aid 3 & 2, NAVPERS 10634-B 

2. Engineering-Technical Drafting & Graphics, 
2nd Edition. 

B. References: 

1. Architectural Drawing & Light Construction 

2. Blueprint Reading & Sketching, NAVPERS 
10077-C 

3. General Drafting, TM5-230 

C. Tools, Equipment and Materials: 
1* Equipment. 

a. Architects scale. 



Terminal Objective: Upon completion of this unit the 
student will be able to use the tools of a draftsman 
and perform the techniques and procedures related to 
basic drafting. All problem solutions submitted by the 
student as Ms finished product will meet the minimus 
requirements of Evaluation Guide SCBT 420.1 EA EG 1.2.0.1 

En a b l in g Objectives: Upon completion of this topic the 
student will be able to construct one isometric drawing, 
one oblique cavalier drawing of a mechanical and two 
construction objects following the fundamentals of iso- 
metric and oblique projection and using standard draft- 
ing Instruments. The drawings will be annotated with 
dimensions and notes as specified for mechanical and 
construction drawings. Examples of various isometric 
and oblique drawings found in reference material and 
textbooks and the guidance of the instructor are en- 
couraged in the performance of the requirements of this 
topic. Tracing of a completed drawing, other than one 
executed by the student, and the use of the templates 
are not acceptable drawing procedures. The drawings 
submitted by the student as his finished assignment will 
meet the acceptable standards of SCBT 420.1 EA EG 1.2.0.1 
for visible lines, notes, line conventions, tangents, 
format, lettering, mnerals, and fractions, accuracy and 
solution, and be of an opaque quality sufficient enough 
to make a legible Diazo reproduction. 



9 

ERLC 



219 



b. Bench brush. 

c. Compass. 



(1 of 



Criterion Test: The student will demonstrate his ability 
to draw isometric and oblique drawings by satisfactorily 
completing the requirements of SCBT 420.1 EA JS 1.2.7.1 
"Isometric and Oblique Drawing** 

25" 
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SCBT 420.1 EA IG 1.2.7 



(1) Bow 



Homework: Read 



(2) Pivot 



Drafting and Graphic* t Chapter 15, pp. 443-456. 



d. Triangles. 



Engineering Aid 3 & 2 9 NAVPERS 9 pp. 144-153. 



(1) 30° - 



(2) 45° 



D. 



2 . Materials • 

a. Drafting tape. 

b. Dry-clean pad. 

c. Pencils. 

d. Tracing paper, 8% x 11". 

e. Diazo print paper, 8*s x 11" 
Training Aids and Devices: 

1. Slides, 35 am. 

a. Isometric Drawing, 65623 Set 3 

McGraw-Hill Book Co. New York, N.Y. 

2. Locally Prepared Material: 

a. Job Sheet 

(1) SCBT 420.1 EA JS 1.2.7.1 

"Isometric and Oblique Drawings' 1 . 
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OUTLINE OF INSTRUCTION 

!• Introduction to the lesson. 

A. Establish contact. 

1. Name. 

2. Topic: Isometric and Oblique Drawings 

B. Establish readiness. 

1. Purpose: More diversity of drawings. 

2. Assignment: 3 drawings; Isometric, 
cabinet and cavalier. 

C. Establish effect. 
1 • Value • 

a. Pass course. 
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b. 
c. 
d. 

D. Overview 

1 



Perform better on the job. 
Get advanced. 

Be a better Engineering Aid. 



You will be able to draw isometric and 
oblique drawings meeting the standards 
of Evaluation Guide SCBT 420.1 EA EG 
1.2.0.1 

Ask questions. 
Take notes. 
Tep table. 
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INSTRUCTOR ACTIVITY 



SCBT 420.1 EA Io 1.2.7 
STUDENT ACTIVITY 



I «A. Introduce self and topic. 



I.B. Motivate student. 



I.C. Bring out need and value 
of material being presented. 



I.D. State learning objective. 

I.D.I. State information and 
material necessary to guide 
student. 
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SCBT 420.1 EA 16 1.2.7 

OUTLINE OP INSTRUCTION INSTRUCTOR ACTIVITY STUDENT ACTIVITY 

II* Presentation: 

A. Pictorial Drawing 

1, Definition 

a* The representation of an object so the 
height, width, and depth can sore 
realistically be seen, 

b. Shows an object as it is normally seen 
by the observer, 

2, Purpose 

a. Relied entirely on conventional multi- 
view drawings. 

(1) Multi-view drawings 

(a) Complex 

(b) Require time 

(c) Special training 

(2) Recent years gone to pictorial 
drawings . 

(a) Convey ideas and information. 

(b) Reduce costly errors. 

(c) Clarity 

(d) Often called graphic illustra- 
tion. 
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SCBT 420.1 1A IG 1.2.7 

OUTLIMK OF IMSTtPCTIOM IMSTlOCTOt ACTIVITY STUDKWT ACTIVITY 

3. Type* of pictorial drawing*, 
a. Three (3) aain groupa , 

(1) Axonoaatric 

(2) Obliqua 

(3) Perspective 
B. AxonoMtric Projaction 

1 . Principles 

a. Lines of sight ara parpandlcular to tha 
planes of projection. 

b. Axis 

(1) Three 

(2) Inclined to the principal planes in 
orthographic. 

2. Isonetric drawings II. B. 2. Slides - "Isometric 

Drawing 14 > 65623 , Set 3. 
a. Definition Point out position of tri- 



angles on slides. 



(1) Equal Measure 

(2) Commonly used in architectural and 
machine drawing. 

b. Projection and drawings 

(1) Based on the revolution of views. 
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OUTLINE OF IWSTROCTIOH 

(2) Revolved about a vertical axis - 
two facee show equally. 

(3) Then, revolved about a horizontal 
axis - thraa facaa show equally. 

(4) Doaa not show tha tnia alxa of the 
facaa* actual measurements ara 
foreshortened. 

c. Cona true ting an Isometric drawing. 

(1) Cona true t thraa Isometric Unas - 
120 dagraaa apart. 

(2) Measurements taken from the Ortho- 
graphic show In true length on the 
Isometric axia - Isometric lines 

(3) Axis may be in 1st position - center 
corner or 2nd position - bottom 
corner. 

(4) Select axis which reveals details of 

the object. 

(5) Any line parallel to an Isometric 
axis is also aa Isometric line - 
can be used in measuring. 

(6) Always block in figure. 

(7) Angles are not true angles on the 
Isometric view. 

d. To draw circles and arcs - Ellipse 

(1) Establish mid-poinls on the sides 
and construct dia^ \als from the 
angles closest and farthest to the 
viewer to the opposite sides. „ 




SCBT 420.1 EA IG 1.2.7 
INSTRUCTOR ACTIVITY STUDENT ACTIVITY 
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SCBT 420.1 BA IG 1.2.7 

OUTLIHB OF IHST1DCTI0H IHSTMJCTOI ACTIVITY STUDENT ACTIVITY 

(2) Use Intersections of diagonals and 
corners nearest and farthest from 
viewer aa centers of arcs. 

(3) For rounded surfaces construct part 
of an ellipse. 

(4) When arc is close to half cirlce, 
construct entire ellipse, then cut 
away unneeded portion. 

(5) For itregular curves use isometric 
axis as da tun line for measurements 

to varioua points on the curve » then 
fill in remaining missing informa- 
tion. 



e. Isometric sections 



(1) When interior features are needed 
to be shorn • 

(2) Construct or block in figure. 

(3) Remove section desired - half, full* 
etc. 

(4) Surfaces where cutting plane passed 
through object are cross-hatched at 
30, or 60 degree angle. 

(5) Half section cross-hatching drawn 
in opposite directions. 



f. Horizontal axis 

(1) Long objects may be drawn with one 

r rn?rC 1 axls horizontal. 

\ fcKJL - x 
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SCBT 420,1 BA Is! 1.2.7 

OUTLINE OF INSTRUCTION INSTRUCTOR ACTIVITY STUDENT ACTIVITY 

(2) Isometric drawing is constructed In 
normal manner. 

C. Oblique Projection 

1 . Principles 

a. Shows an object with one face in true 
orthographic projection. 

b. Axis 

(1) Three (3) at various angles for 
receding lines. 

(a) Receding lines are parallel. 

c. General proportion of the object will 
vary, depending on placement of the 
object. 

d. Types (3 main groups) 

(1) Cavalier 

(a) Same scale on all axis 

(2) Cabinet 

(a) Receding lines foreshortened 1/2 size. 

(3) General oblique 

(a) Receding lines vary in length 
from half to full by scale. 
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SCBT 420.1 EA IG 1.2.7 
STUDENT ACTIVITY 



OUTLINE OP INSTRUCTION 



INSTRUCTOR ACTIVITY 



b. 



c. 



d. 



.que drawing and convent ions 
Use of the axis. 

(1) 30°, 45°, 60° because of conven- 
ience are usually used, 

(2) Receding lines drawn according to 
type projection being done. 

Width, height, and depth. 

(1) Measured on three (3) axis. 

(2) Complete by drawing axis. 

(3) Hidden lines are generally omitted. 

Box construction applies here .the sase 
as in Isonetric. 

(1) Work axis 

(2) Parallel lines complete box. 

(3) Irregular object then drawn. 

Non-oblique lines and angles are trans- 
ferred from orthographic projections. 

Oblique circles and arcs. 

(1) Front fsce true 

(2) Receding face, ellipse 
(a) Four-center method 
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OUTLINE OF INSTRUCTION 

D. Isometric and Oblique Dimensions; the 
apply to both. 



rules 



1. Place all dimensions in the plane to which 
they apply. 

2. Dimension lines and extension lines follow 
axis of respective type of drawing. 

3. Lettering is perpendicular to the dimension 
lines • 

III. Application: 

A. Questions and Discussion 
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INSTRUCTOR ACTIVITY 



420.1 EA IG 1.2.7 
STUDENT ACTIVITY 



QUESTIONS ; 

a. What type of axonometric 
drawings was discussed during 
this lecture? 

b. A cabinet drawing would 
be classified as a/an 
type draw- 
ing? 

c. How do we define a non- 
isometric line in a xo no me trie 
proj ection? 

d. How far apart are the 
axis in isometric drawings. 

e. What method is used to 
draw circles and arcs in 
axonometric projection? 
Oblique? 
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ANSWERS: 



a. Isometric 



b. Oblique 



c. Line not parallel 
to primary axis. 



d. 120 degrees 



e. Four center 
method, both. 
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OUTLHB OF IHSTRUCTION 



INSTRUCTOR ACTIVITY 



SCBT 420.1 RA 16 1.2.7 
STUDtWT ACTIVITT 



B. 



Practical Performance 



III.B. Pass out and explain 
SCBT 420.1 BA JS 1.2.7.1 
"Isometric and Oblique 
Drewlnge" guide students In 
application of taking laomet 
ric and oblique drawings- 
Evaluate atodmut parformance 
on completed work. 



III.B. Practice and woth 
j j abeet requirements. 



IV. Suanary: 

A. Pictorial Drawing 

1. Definition 

2. Purpose 

3. Types of Pictorial Drawings 

B. Axonometrlc Projection 



1. Principles 

2. Isometric Drawings 

a. Definition 

b. Projection and drawings 

c . Construe nion 

d. Circles and arcs in isometric 

e. Isometric sections 

f. Horizontal axis for long objects 
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OUTLINE OF IMSWPCTIOB 

C. Oblique Projection 

1. Principles 

2. Drawings and conventions 

D. Ieooatrlc and Oblique Dimensions 

A. Demonstrate ability to naka good isometric and 
oblique drawings using conventional drafting 
equipment • 



INSTRUCTOR ACTIflTT 



SOIT 420,1 BA _.G. 1.2,7 
STPDPfT ACTIVITY 
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SOT 420.1 KA JS 1.2.7.1 



NAVAL OONSTRUCTIOM TRAINING CENTER 
PORT HUEMSME, CALI708NIA 93043 
SPECIAL CONSTRUCTION BATTALION T1AIMTNC (SOT) 420.1 

JOB SHUT 

TITLE: laoMtrlc and Obliqua Drawings 

INTRODUCTION: Th« purpose of thli Job shoot is to guide you In tho 
practical work tMlpant la pictorial drawings. Af tar assembling tha 
necessary tool* and materials, read ovar tha procadura rapidly to gat a 
ganaral picture of tha drawing raquireamta, than complete aach of tha 
drawings . 

REFERENCES: 

1. Military Standard, Bnglnaaring Drawing Practices, MTL-STD-IOOA , 
Pagaa 9 and 45. 

2. Enginaarlng-Tachnical Drafting and Graphics, 2nd Edition, 
American Tachnical Socio ty, Pagas 443-456. 

3. Enginaoring Aid 3 4 2, NASrERS 10634-B, pp. 144-153. 
TOOLS, EQtIIPMB.IT AND MATERIALS: 

1. Equipment. 

a. Architect' scale. 

b. Trianglas, 30° - 60° and 45° 

c. Compass, bow. 

2. Material. 

a . Pencils . 

b. Tracing paper, 3 sheets "A" size. 
w . Drafting tape. 

d. Dry cleaning pad. 

PROCEDURES: On an "A" size sheet, sketch out tht solution to each of the 
fallowing three problems for instructor approval before proceeding to 
do the final drawings. All sketches will meet the minimum requirements of 
Topic 1.2.2, "Basic Sketching". 
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SCOT 420.1 El JS 1.2.7.1 



Draw each driving on "A" list ihttti of tracing paper, complete with proper 
border in accordance with Htt-STD-IOOA, Page 9. Omit title and revision 
blocks. Layout procadursa should be In accordance with "Drafting and 
Graphics", Pages 443-455. Gowplate drawings aust «aet the acceptable 
standards of Evaluation Guide 420.1 IA KG 1.2.0.1 for each of the 10 points, 
Make a print of each drawing following procedures set forth in Job Sheet 
SCOT 420.1 EA JS 1.2.8.1 
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II 

I 


t 
























i 














hi-! 

t 


i— 







1. Make a full scale isomstric drawing of the object above. The 
drawing shall Include all Mechanical discos ions necessary and applied 
according to the pictorial-plane dimensioning systsa contained in "Drafting 
and Graphics", Pages 447-449. 
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3. Make a full scale cavalier projection of the above object and 
include all mechanical dimensioning applied according to the pictorial- 
plane dimensioning system. 



QUESTIONS : 
1 . Hone 
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NAVAL OOMSTHJCnOM TRAINING CENTER 
POM RUENEMB, CALIFORNIA 93043 
SPECIAL CONSTRDCTION BATTALION TRAINING (SCBT) 420.1 



SCBT 420.1 EA ? ? 2.8 



Ciaaalfication: Uaclaaaified 



Topic: Reproduction Processes 

Average Time: 1 Period (Class) 1 Period (Pract) 

Instructional Materials: 

A. Texts. ^ 
1. Engineering Aid 3 & 2, NAVPERS 10634-B 

2 - Engineering- Technical Drafting & Graphics, 

2nd Edition. 

B. References: 

1. Architectural Drawing & Light Construction, 
Pages 206-209. 

2. Diatlt Space Saver, Instruction Manual. 

3- Diasit Piasp-It, Instruction Manual. 

C. Tools, Equipment and Materials: 
!• Equipment. 

a. Diatit Space Saver Printer/Developer. 
^. Diazit Pump-It Ammonia Pump. 
2- Material. 

Dia2o Print Paper. 



Terminal Objective: Upon completion of this unit the 
student will be able to use the tools of a draftsman 
and perform the techniques and procedures related to 
basic drafting. All problem solutions submitted by the 
student as his finished product will meet the minimum 
requirements of Evaluation Guide SCOT 420.1 EA EG 1.2.0.1 

Enabling Objectives: Upon completion of this topic the 
student will be able to fold and file prints as well as 
operate a Dlaso Reproduction Machine to reproduce copies 
of his drivings completed end noted In the requirements 
of the other topics of this unit. A mlnlmim of one 
completed drawing or exercise from each topic noted to be 
reproduce* (wcept Topic 1.2.1 "Lettering".) He will be 
able to prepare the Dlaso Reproduction Machine for opera- 
tion, operate the machine at the proper speed with the 
proper amount of developing agent to produce copies of 
his drawings to give a line resolution equal to the line 
value or opaqueness of the original drawings, and secure 
the machine without damage to the exposure and developing 
section. 

Criterion Test: The student will make a legible print of 
a drawing furnished by the instructor, using the dry 
Diaso method. Students will fold a "F" else print to 8% 
x 11" following the procedures set forth in Engineering 
Aid 3 & 2, NAVPERS 10634-B with 100 percent accuracy. 

Homework: Read 

Engineering Aid 3 h 2, NAVPERS pp. 157-163. 
Drafting h Graphics, pp. 388-397 . 
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Training Aids and Devlcaa: 
1 • Transparencies . 



a. 


11CS-5600.101T-8 


Thereof ax Machine. 


b. 


11CS-5600.101T-5 


Photoconpoalng Machine. 


c. 


UCS-5600.101T-6 


Xerox 720. 


d. 


11CS-5600.101T-7 


Osalld Streamliner. 


Locally Prepared Material. 


a. 


Job Sheet. 





(1) SOT 420.1 EA JS 1.2.8.1 "Dlaso 
Printing". 

Training Aids Equipment: 
1. Ov.rh.ad Projector. 



(2 of 11) 



SCBT 420.1 EA 10 .2.8 



V63 



279 



OOTLIMB OF IHSHOCTION 

I. Introduction to the Union, 

A. Establish contact. 

1. Nam. 

2. Topic: Dlaso Printing. 

B. Establish raadlnass. 
1* Pur post. 

a. Praaerve tha original. 

b. Most commonly used. 

c. Simplifies your job as an 
Engineering Aid. 

C. Establish effect. 
1. Value. 

a. Knowledge of methods makes better 
quality of reproduction. 

D. Overview: 

1. You will be able to operate a Diazo 
Reproduction Machine to reproduce 
copies of your drawings, as required 
for all topics in the Drafting Phase. 

2. Ask questions. 
3 * Take notes. 

4. Testable. 
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INSTRUCTOR ACTIVITY 



SCBT 420.1 EA _G 1,2.8 
STODBWT ACTIVIT? 



I. A. Introduce self and topic. 



I.B. Motivate student. 



I.C. Bring out need and value 
of material being presented. 



I.D. State learning objectives. 

I.D.I. State information and 
material necessary to guide 
student. 
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Ol-^XMB OF INSTRUCTIO N | 

t 

II* Presentation 

A. Graphic Reproduction Processes. 
1. Four major classifications. 

a. Heat process - Thereof ax, 
. b. Silver process - Photography. 

c. Electrostatic process - Xerox. 

d. Diaso process - Diazit, 0«alid, etc. 

B. Dlaso Process. 

1. Aanonla vapor process - most cowonly 
used. 

2. Positive copy - Una on white paper. 

3. Light sensitive - chemical coating on 
paper. 

4. Techniques for producing. 

a. Dry-developing - Ammonia vapor. 

b. Semi-dry - Moist developing. 

5. Formula ingredients. 

a. Diazonlio salt - light yellow on 
paper . 

b. Coupler. 

(4 of 11) 
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SCBT 420.1 EA T G .2.8^^ 
INSTRUCTOR ACTIVITY STUDENT ACTIVITY 



II.A.l.a. Show Transparency 
11CS-5600.101T-8, Thermofax Machine. 

II .A* 1 .b • Show Transparency 
11CS-5600.101T-5, Photocoapoaing Machine. 

II. A. I.e. Show Tran.par.ncy 
11CS-5600.101T-6, Xerox 720. 

II. A. 1,4, show Tranaparmcy 
11CS-5600.101T-7, Oxalid Strmllaar. 



2 S3 



Jn of asTtDcnoM 

(1) Dye or color* 

6. Advantages. 

a. Mora vereetile. 

b. Fast. 

c. Dry. 

d. Cample ta 11m of material - prints, 
transparencies, cover stock (colors) 
ate. 

a. Intermediate copy - Sepia, 

7 . Disadvantage* . 

a. Aiaonia vapor (now have masking agent) 

b. Semi-permanent - will fade, particu- 
larly in sunlight. 

8. Trademark. 

a. By company name, Diaxit or Oralld - 
General Airlines Corporation. 

tf. DTaxxt Space-Saver Operating Procedures. 

1. Steps for operations. 

a. Turn on machine. 

(l) 20 minute warm-up - idle speed. 

b. Turn on pump - only when not auto- 
matic, follow pump instruction with 
machine. 

(5 of 11) 
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IHSTMJCTOR ACTIVITY STUDENT CTIVITY 



II.B.6.8. Show example 
of sepia. 



II. C. Demonstrate each step II. C. Students move 
on machine. Allow each from desk to machine 

student to try one set-up. for demons trst ion. 
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OUTLINE OF INSTRUCTION 

c. Sat exposure speed after warm-up . 

d. Taat run - for exposure spe4d. 
Feed original and print paper. 

f . Separate original and print paper. 

g. Develop print. 

D. On-The-Spot Trouble Shooting - when operating. 

1. When paper binds or wraps around developer. 

a. Do not pull on sheet. 

b. Stop machine. 

c. Cut print above pick-off bar. 

d. Note: Some models have reverse for 
removing copies that bind. 

2 . Cautions • 

a. Keep nuts, screws, etc. tight, 

do not loosen, see manufacturer's 
manual. 

b. Never use stiff paper in machine, 
oust have bending quality. 

3. Running time. 

a. More economical to let run long 
periods rather than to turn on 
and off, lamp will last longer. 
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SCBT 420.1 EA ~G 1,2.8 
STUDENT ACTIVITY 



II. D. I.e. Show pick-off bar 
on machine. 
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SCBT 420.1 EA IG 1.2-8 

v niSTRUCTOR ACTIVITY STUDENT ACTIVITY 
OUTLINE OF INSTRUCTION IMSTRUCTOE ACTlvm 

4. Turning off Machine, 

a. Free all material from machine, 
paper. 

b. Slow speed to idle. 

c. Shut down ammonia pump - follow 
machine instruction for various 
type* of pumps. 

d. Place paper around ammonia roll. 

e. Turn off machine. 
E. Continu, TrouDle-Shooting 

1. Wrinkled tracing or original. 

a. Printer belts too tight - see 
manufacturer 's manual. 

2- Blurred prints - 

a. Prirter belts too loose - adjust 
according to manufacturer 's manual, 

3. Uneven printing or slow printing speed. 

a. Not warm enough or blockage in 
ammonia system. 

... Lamp replacement - follow manufacturer's 
manual instructions. 

F. Maintenance 

Oil all moving parts every three months. 2S^ 
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SCBT 420.1.EA.IG.1.2-8 
agTEUCTOR ACTIVITY STUDENT ACTIVITY 

miTLDfE OF IKSTRUCTIOH 

2. Inspect drive motor brushes every 
three months. 

G. Ssiety Fsctors 

1. Keep fingers snd clothing out of nschine. 

2. Keep ammonis swsy from face. 

a . If twmii eplsshes in eyes, wssh 
with fresh wster thoroughly sod 
seek medical attention IMMEDIATELY. 

B. Filing Drswings 

1. The protected stowsge of s lsrge 
Dumber of items with: 

a. Economy of space. 

b. Readily located. 

2. Records (Index) 

a. Log book. 

b. 3x5 cards. 

c. Crose reference. 
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OCTLDIK OF IMSTRUCTIOH 

3. Stowage cabinets 

a. Map drawer. 

b. Shallow drawer file cabinet. 

c. Deep-drawer. 

4. Stowage of materials 

a. Originals. 

Q) A and B deep drawer. 

(2) C and above, shallow or 
map drawer. 

(3) Roll size-tubes. 

b. Prints 

(1) Regardless of size folded. 

(2) Filed in deep-drawer file. 

(3) Demonstrate how to fold prints. 

(a) Folding guides. 

(b) Fold the print into 10 7/8 
in. lengthwise accordian 
pleat folds first. 
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STUDENT ACTIVITY 
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OUTLINE OF mSTRDCTIOli 



1 Face down first 9 turning 
up the edge with the 
drawing number. 

,2 Continue accordion pleats, 

(c) Place face with drawing number 
down after accordion pleats 
are completed. 

(d) Fold first 8V 1 fold crosswise 
to accordion pleats. (Starting 
with drawing number edge), 

(e) Completed size (8% x 11") . 



c. Data 

(1) Filed by drawing number in 
separate drawer or cabinet. 

(2) Usually with print. 

d. Stick file. 

(1) Set of prints on each job. 

(2) Used by office and field personnel. 

(3) As-built records* 
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OPgJH OF DWgDCTIOM 
III/ Application: 

4. Operation of Diaslt Spaca Saver 

1. Handout "Dlaso Printing". 

2. Studant operation - making print a. 

IV. Sumary: 

A. Flva Major Types of Graphic Reproduction 
Procaaaaa • 

B. How Tha Dlaao Procaaa Works. 

C. Tha Operation of tha Dlazlt Spaca Savar. 

D. Troub la-Shoo ting tha Diaait Spaca Savar. 

E. The Maintenance of the Dlazlt Space Saver. 

F. Safety Factors. 

V. Test: 

A. Demonstrate ability to Bake good prints 
ualng the Diaslt Space Saver. 

1. Evaluation will be part of tha 
drafting phase. 



SCIT 420.1.IA.IC.1.2.8 



II I.A.I. Distribute Handout 
SCBT 420.1 1A JS 1.2.8.1 "Diaio 
Printing". 

Ill .A. 2. Supervlae students 
operating machine. 



III. A. 2. Opera' j machine 
to aaka prints folloving 
job ahaet. 
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SOT 420.1 EA JS 1.2,5.1 / 

NAVAL CONSTRUCTION TRAINING CENTER 
PORT UUENEMK, CAUFORIIA 93043 

SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 420.1 

JOB SHEET 

TITLE: Diaso Printing. 

INTRODUCTION: forking drawings go to the shop or field In the font of 
prints iidt fro* the original dr wings. In NMCB's the most common printing 
machine is s lishtweight, highly-portable Diaso Printer similar to tha * 
Diss it Spaca Saver* Tha purpose of this job sheet is to guide you in tha 
proper use of the Diasit Spaca Saver for making prints. 

REFERENCES : Nona 

TOOLS, EQUIPMENT AND MATERIALS: 

1. Equipment. 

a. Diasit Space Saver Printer /Developer. 

b. Diasit Pimq>-It Aanonia Pump. 

2. Material. 

a. Original drawing. 

b. Diaso paper. 
PROCEDURES : 

1- farm up printer /developer. 

a. Turn printer/developer on and sat exposure spaed control to 
slow (2-5). 

(1) Allow st least 20 minutes for tha developer to reach 
operating temperature. 

2. Charge developer with aanouia. 

a. Turn puap-it on for approximately one minute- 

(1) Check tubing to insure ammonia flow. The pump-it will 
adequately charge developer running 20-50 seconds. 

3. Set exposure speed. 

a. 5-6 for ink or 6-7 for pencil. 

(1) Exposure speed will vary with type of print paper and 
tracing paper. 
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4. Feed original and print paper into printer. 

a. Original fact up on sensitised side of Diaso aatarial. 

(1) Both Material can be pulled out of the printer section at 
tiny tlae without e topping. 

5. Develop print. 

a. Separate print fro* original and feed it into developer. 



(1) Exposed sheet should be smoothed out, taut, and straight with 
a good sised, free loop before feeding into developer section. 
Do not try to pull a sheet batek out of the developer section. 
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NAVAL CONSTRUCTION TRAINING CENTER 
PORT HUENEME, CALIFORNIA 93043 
SPECIAL CONSTRUCTION BATTALION TRAINING (SCBT) 420.1 



Classification : Unclassified 
Topic: Tracing 

Average Time: 1 Period (Class) 8 Period (Pract) 
Inatructional Haterlala: 

A. Texts. 

1, None. 

B. References: 

1. Engineering Drawing, French & Vierck 
10th Edition 

C. Toola, Equipment and Materials: 
1, See Annex III of Curriculum 

D. Training Aids and Devices: 
1. None 

E. Training Aids Equipment: 
1 . None 



Terminal Objective: Upon completion of this unit the 
student will be able to use the tools of a draftsman 
and perform the techniques and procedures relsted to 
basic drafting. All problem solutions submitted by the 
student as his finished product will meet the alnimm 
requirements of Evaluation Guide SCBT 420.1 EA EG 1.2.0.1 

Enabling Objectives: Upon completion of this topic the 
student will be able to trace drawinga following the 
procedures set forth in this instructors guide. Individ- 
ual instructor guidance and study texts can be utilised 
in the performance of the requirements of this topic. 
The tracing aubmltted by the atudent aa his finished 
product will be 100Z accurate for all details when com- 
pared with the original drawing and will meet the ac- 
ceptable atandards of SCBT 420.1 EA EG 1.2.0.1 for all 
10 parts of s good drawing. 

Criterion Test: The student will demonstrate his ability 
to trace a drawing following the procedures set forth by 
this instructor guide. The treeing submitted by the 
student ss his finished product will be 100X sccurste 
for sll detsils when compared with the original drawing 
and will meet the scceptable atandarda of SCBT «20.1 EA 
EG 1.2.0.1 for all 10 parte of a good drawing. 
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OUTLIHE OF IHSTRDCTION 

I. Introduction to lwion. 

A. Establish contact* 

2. Topic: Tracing. 

B. Establish readiness. 

1. Purpose. 

2. Assignment. 

C. Establish effect. 
1. Value. 

a. Pass course. 

b. Perform better on the Job. 

c. Get advanced. 

d. Be a better Engineering Aid. 

D. Overview: 

1. You will be able to trace a drawing* 

2. Ask questions. 

3. Take notes. 

4. Testable. 

(2 of 15) 
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INSTRUCTOR ACTIVITY 



SCBT 420.1 EA IG 1.2.9 
STUDEHT ACTIVITY 



I. A. Introduce self snd topic. 



I,B> Motivate student. 



l.C. Bring out need and value 
of material being presented. 



I.D. Stste learning objective. 

I.D.I. State information and 
materials necessary to guide 
student. 
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ODTLDTE OF IMST8PCTI0M IHSTBDCTOR ACTIVITY STUDEHT ACTIVITY 

II* Presentation 

A. Treeing - The ert of copying e deteil 
or construction dref ting using either 
pencil or ink. 

1. Drawings ere traced for many reasons. 

a. Poor line quality on original. 

b. Original copy required by other 
agencies • 

c. Damaged originals* 

d. Etc. 

2 . Tracing Media 

a. Characteristics to look for. 

(1) Good transparency for 
reproduction. 

(2) Suitable "Tooth" for pencil work. - 

(3) Good erasing qualities. 
(A) Non-yellowing qualities. 

4 

(5\ Strength and resistance to tearing. 

(6) Resistance to brittleness and shrinkage. 
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SCBT 420.1 BA IG 1.2.9 
STUDTOT ACTIVITY 



OUTLIHI OF mSTlDCTIOMS 



b. Types 



(1) Tracing cloth. 



(a) Is a ■ami-transclucent 
material . 

(b) Made by impregnating linen 
with starch. 

Cc) Used £lnl»had work or 
tracing; usually In Ink. 

(d) Is vary aaslly damaged 
by watsr. 

(a) Vary suaceptlbla to alaa. 
changa . 

(2) Pencil cloth 

(s) Uaually haa one or both s: 
prepared to take pencil. 

(b) Basic qualltlae the ea»e 



(3) Mylar (Polyester film) 

(a) Is a tranalucent, tear and 
stretch resistant plastic. 

(b) Maintains accuracy of drawing 



tracing cloth. 



or permanent Information. 
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QUTLIMK OP DISTRUCTIOMS 



IMSTBDCTOR ACTIVITY 



SCBT 420.1 EA IG 1.2.9 
STUDENT ACTIVITY 



(4) 



(5) 



(c) Takes pencil and Ink 
very well. 

(d) Pencils developed just for 
working on mylar. 

Tracing glass 

(a) A transparent aster ial. 

(b) Has a high dimensional 
stability. 

(c) Very good for ink or pencil. 

(d) Used mostly in tool and die 
work. 

Tracing paper 

(a) A thin transparent paper. 

1 Either left natural or 
treated with a transparent, 
substance. 

2 Treated paper is called 
vellum. 

(b) Used for all types of pencil or 
ink work. 

(c) Comes in may different grades but 

in general has all those characteristics 
required or a good tracing paper when 
the rag content is high. 
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OPTLDfl OF ngrgCTOg TMStKDCTQt ACTIVITY StOPBMT ACTIVITT 

3. General IuIm 

a. Spaed and accuracy ara tha «ost 
Important qualities to atrlva 
for. 

b. Haver traca a drawing lightly 
and haavy In latar. 

c. Mavar traca froa copies, redraw. 



d. Kaap hands, ana and body off 
tracing. 

a. Do not start a view you can't 
finish during your praasnt 
working day. 

f . Covar completed viaws. 

g. Follow rules of pancll and Ink 
drawing* 

4. Tachnlquaa In Preparation For Drawing 
Or Tracing 

a* Preparation. 

(1) Lights. 

(a) If possible, should come froa left. 

(b) Non-Glare typa. 

'c) Above 50 candle power. 
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OCTLDtl OF DISTBUCTIOH 



INSTRUCTOR ACTIVITY 



SCBT 420.1 EA IG 1.2.9 
STUDENT ACTIVITY 



G) 



(4) 



Board 

C«) Inclined 1QP to 15° tram hortaontal. 
(fc) Clean. 

Cc) Reference aru way fro» work araa. 
Instruments 

Ca) Place mott used on hand, 
(h) Kaap in ana place, aava tiae. 
Cc) Don't clutter work araa. 
Paper 

(a) Tape down sheet* 

1 Upper left to lower right. 
Pencils 

Ca) Should have an F, tt» 2tt, and 3R pencil 
handy, sharpened. 

(h) Should have a wedge or chisel for long 
straight lines and a conical for normal 



work. 
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INSTRUCTOR ACTIVITY 




OUTLINE OF mSTlPCTIOH 



b. At this point let's discuss 
"What Is A Good Drawing?" 

CI) Visible lines. 

Cs) Edges of object. 
(2) Dimensions. 

(a) Numerical value expressed in 



(4) Line conventions. 

(a) All lines not s visible line. 

(5) Tangents. 

(a) Intersections of curved snd straight 



(6) Format. 

(a) Overall appearance of dreving. 

(7) Lettering. 

(a) Only letters. 



appropriste units of measure. 



(3) 



Notes . 



Cs) Written information which usually 
can't be shown in other ways. 



lines. 
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OUTLINE OP IMSTWUCTIOH 



IHST1UCTOR ACTIVITT 



SCBT 420.1 EA IG 1.2.9 
STPPPTT ACTIVITT 



(8) Accuracy. 



(a) Precision or axactnaat; 
corractnaaa . 



(9) Solution. 



(a) How wall you cowpletad your 
asoignaant . 



c. Alphabet of llnaa. 



II.A.4.C 
Draw aach lina on 
C/B and explain how 
it's uaad and drawn 
proparly. 
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SCBT 420,1 Ik IG 1,2,9 / 

QUTLINg OF INSTROCTION INSTRUCTOR ACTIVITT STUDENT ACTIVITY * 



PENCIL LINES 



INK LINES 



THICK 



VISIBLE LINC I 



THICK 



MCOtUM 



HIOOCN LINE t ' 



MEDIUM 



THIN 



SECTION UNC a 



THIN 



THIN 



C£NTE* LINE 4 



THIN 



/ ^ | Thin 



si- 



THIN 



OlMCNSION 
LINC 
I EXTENSION , 
* LIME ^ 
AND LEAOERS 



* £ V/— £x tension i.>>»# 



THIN 



3j. ™» - | 



2*3^ THIN ^| 
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SCBT 420.1 EA XG 1.2.9 

OUTLINE OF IMSTtDCTIOH IKSTHUCTOB ACTIVIT Y STUDENT ACTIVITY 



ft » 222 V 

J ™£L I- 



THICK 



CUTTINO-PlAMt 
UNtSO* 

LINKS 



X- . 




► BftCAK UNO 



PHAMTOMLINC tt- 

15 



THICK 



THICK 



J 



THICK 



THIN 



THIN 



32') 
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COTUHI OF DtSTMJCTIOItS 



INSTRUCTOR ACTIVITY 



SCBT 420.1 EA IG 1.2.9 
STUDENT ACTIVITY 



d. Order of drawing, 
CD Pencil. 

GO Select sheet, 
(JO Choose ecale. 
(c) Draw center line* for each 



vie*. 

(d) Drew vieva, dominant to minor. 

(e) Check. 

(f) Dimension. 

(g) Guide lines, letter. 
(tO Title. 

(i) Recheck. 



(a) Circles - Smallest to largeat. 

(b) Dashed circles. 

(c) Irregular curves. 

(d) Straight lines - in order - 
horizontal, vertical, inclined. 



(2) Ink. 
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SCBT 420.1 BA i.' 1.27? 

(^) iiddoo lints * Saw ordar *• CO- ^ 



Of) Cantor llaaa. 

(g) txtaoaion and dlaanaloa llaaa. 

00 Arroafcaada and dlaanaioaa. 

CD Section lino*. 

CJ) Lot tar notaa and titlaa. 

Qt) Border. 

(1) Chock. 
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OUTLllB OF IMSTUJCT10K8 
III. Application 

A. Discuss loo 



SCBT 420.1 EA 10 1.2.9 /—^ 
IHST1PCT0K ACTIVITY STUDENT ACTIVITY 'jf 



III. A. QllMtlOM 

1. Whst ars ths ten (10) 
parts of a good driving? 



2. What characteristics should 
a good tracing papar ha vs. 



Ill .A. Afcswere 

1. Vlsibla lines, dla*nelooe, 
notes, 11ns conventions, 
tangsats fornst, lettering, 
accuracy, solution. 

2. a- Good tranapareacy for 

reproduction 



b. Tooth for pancll work. 



c. Good sraalng quail t las. 

4* Bony *1 loving qualities . 

a. Strength sod raalatanca 
to tearing. 

f . Insistence to brittleneee 
and shrinkage. 



3. What le the most Important 3* Spaed and Accuracy, 
qualities to strive for In 
tracing a drawing. 

B. Practlcel Performance III.B. Passout coplee of III.l. Trace drawing Ho. 

drawing Mo. 



end have students trace 
aane. 



Reed and explain criterion 
test and have students 
perform it. 
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IV. Swtrj. 
A. Tracing 

1. Imioqi for. 

2. Tracing madia. 

3. Oaoaral rulaa. 

4. Tachnlquaa In praparattooa . 

Taat«, ' 
A. Bona 



INSTRUCTOR ACTIVITY 



a. 
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CHAPTER 4 

DRAFTING: GEOMETRIC CONSTRUCTIONS 



At an Engineering Aid, you will be ooaoerned 
principally with line drawings. A line drawing is 
ooe in which the graphio representation coasieta 
exclusively of lines, as distinguished from a 
drawing in which the representation is nude up 
of t or Includes, light and dark areas. 

A line in a line drawing may be a straight 
line, a circle, an arc of a circle, or a non- 
circular curve; or It may be a line whloh is a 
compound of more than one of these basic types 
of lines. A noooircular curve may be a "random 11 
curve; or it may be one of the nooclroular curves 
whloh are derived from conic sections; or it may 
be a nonclrcular curve derived from the "spiral 
of Archimedes." The nonclrcular curves derived 
from conic sections are the ellipse, the parabola, 
and the hyperbola. 

As a draftsman, you must be able to "con- 
struct" any of the various types of straight and 
curved lines used In a line drawing. You must 
also be able to "construct" lines at specified 
angles to each other, and to "construct" the 
various types of plane figures, circular curves, 
and nonclrcular curves. The general term applied 
to this phase of draftsmanship Is "geometric 
constructions." This chapter provides Informa- 
tion that will aid you In making different types 
of geometric constructions that may Involve you 
in your duties as a draftsman. 



CONSTRUCTIONS INVOLVING ANGLES 

You already know how to lay off an angle 
of given size with a protractor, or trigono- 
metric ally by the use of the tangent or the chord 
method. 

TRANSFERRING AN ANGLE 

There Is a geometric construction for laying 
off, on another part of the same drawing or on 
a different drawing, an angle equal In size to one 
which la already drawn. This procedure, called 



"transferrin" the ax«le, is illustrated in figure 
4-1. Here, the draftsman desired to lay off from 
O' a Una which would make an angle with B*0' 
equal to angle BOA, To do thin, draw an are 
through OB and OA, with O as a center, as shown 
In figure 4-l(A). Then, draw an arc of the- same 
radius from BK>\ with O* as a center, ss shown 
in figure 4-1 (B). Next, measure the length of the 
chord of the arc between OB and OA and lay off 
the same length on tha arc from BHD 1 . A line 
drawn from O' through A' makes an angle with 
B*0' equal to angle BOA, 

BISECTING AN ANGLE 

To bisect an angle means to divide it in half. 
If you know the size at the angle, you can bisect 
It by simply dividing the size by 2 and laying off 
the result with a protractor. 
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Figure 4-1. — Transferring an angle. 
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23.226 

Figure 4-2.— Bisecting an angle. 



Geometric construction for bisecting an angle 
la shown In figure 4-2. To bisect the angle AOB, 
first lay off equal Intervals from Oca OA and OB. 
With the ends of these Intervals as centers, 
strike Intersecting arcs of equal radius at P. 
Draw a line from 0 through the point of inter- 
section of the arcs, P. The line OP bisects angle 
AOB. 



CONSTRUCTIONS INVOLVING 
STRAIGHT LINES 

In the preceding chapter, you learned how to 
draw a line parallel to another Una by the use 
of a straightedge and a sliding triangle. Another 
method of drawing parallel lines is Illustrated 
In figure 4-3. Here the line was to be drawn 
through given point C. To draw a line through C 
parallel to AB, place the needlepoint of a compass 
on any point D on AB, and strike arc CE. Shift 
the needlepoint to E, maintaining the same radius, 
and strike arc DF. Set compass or dividers to 
chord of arc CE, and lay off the chord DF from 
D, thus locating point F. A line drawn through 
F and C is parallel to AB. 



Figure 4-4 shows another method of drawing 
one lins parallel to anothar, this one being used 
when the second Use Is to be drawn at a given 
distance from the first. To draw a Has parallel 
to AB at a distanoe from AB equal to CD, set 
the compass to the length of CD and from any 
points E and F on AB strike two aros. A line 
A 9 B 9 drawn tsngant to (barely 
aros is parallel to AB, and located CD \ 

In the preceding chapter, you learned how to 
draw a Use perpendicular to another by the eat 
of a straightedge tad a sliding triangle. Other 
methods of soMng this problem era explained 
below. 

Figure 4-5 shows a method of droning a 
perpendicular from a given point to a Una. to 
drop a perpendicular tram point P to AB t eet 
the needlepoint of a compass at P and strifes 
an arc intersecting AB at C and D. WlthC 
and D as oeaters and any radius larger than on** 
half of CD, strike arcs Intersecting at E. A 
line from P through E is perpendicular to AB. 

Figure 4-6 illustrates a method of erecting 
a perpendicular from a given point on a Una. 
To erect a perpendicular from point P on 
set a oompsss to any convenient radius 
with P as a center, strike area Intersecting 1 
at C and D. With C and D as centers and any 
radius larger than one-half of CD, strike aros 
intersecting at E. A line from P through E is 
perpendicular to AB. 

BISECTING A LINE 

A Una can be bisected by trial-and-error 
with dividers— that is, by setting the dividers 



A 1 



-I 1 



Figure 4-3. — Drawing a line through 
point, parallel to another line. 



45.164 45.165 
l given Figure 4-4, — Drawing a parallel line at a g^ft 
distance from another line. 
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28.26 

Figure 4-5.— Dropping a perpendicular from a 
Riven point to a line. 
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11.216 

Figure 4-7, — Bisecting a lint. 



11.216A 

Figure 4-6. — Erecting a perpendicular from a 
given point on a line. 



to various spreads until you get one which tries 
out as one-half the length of the line. 

Geometric construction for bisecting a line 
is shown in figure 4-7. To bisect the line AB, 
use the ends of the line, A and B, as centers, 
set a compass to a radius greater than one-half 
the length of AB, and strike arcs Intersecting at 
C and D. A line drawn from C through D bisects 
AB. 

DIVIDING A LINE INTO ANY 
NUMBER OF EQUAL PARTS 

A line may be divided into more than two 
equal parts by trial-and-error with the dividers. 



Geometric construction for dividing a line into 
any number of equal parts is shown in figure 4-8. 
To divide AB into 10 equal parti, draw a ray 
line CB from B at a convenient acute angle to 
AB. Set a compass to a spread less than one- 
tenth of the length of CB, and lay off this interval 
10 times from B on CB. Draw a line from the 
10th interval to A, and project the other points 
of intersection from CB to AB by lines parallel 
to the first one. The projected points of inter- 
section divide AB into 10 equal parts. 

Figure 4-9 shows how you can use a scale 
to lay off equal intervals on the ray line. 

PROPORTIONAL PARTS 

Figure 4-10 shows a method of dividing a line 
into given proportional parts. The problem here 
is to divide the line AB into parts which are 
proportional as 2:3:4. Lay off ray line CB from 
B at a convenient acute angle to A B. Set a compass 
to a convenient spread, and lay off this interval 
from B on CB a number of times equal to the 
stun of the figures in the proportion (2+3+4-9). 
Draw a line from the point of intersection of the 
last Interval to A, and use a straightedge and 
sliding triangle to project the second and fifth 
intercepts on CB to AB by lines parallel to the 
first one. The projected intercepts divide AB 
into segments which are proportional as 2:3:4. 
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23.228 

Figure 4-8.— Dividing a line into any number at equal parts. 




45.187 

Figure 4-9. — Using a scale to lay off equal intervals on random line. 




45.168 

Figure 4-10. — Dividing a line into proportional parts. 
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Hire again you could use a scale to lay off 
9 equal Intervals on CB. 

PARTS ACCORDING TO A 
GIVEN RATIO 

You may be required to divide a line into parts 
so that the ratio between the whole line and one 
of the parts Is the same as that between two other 
lines. A method of doing this Is shown in figure 
4-11. Here it Is required that AB be divided 
so that the ratio between AB and a part of AB 
Is the same as the ratio between CD and EF. 
From A draw a ray line AG at a convenient 
acute angle from AB. On AG lay off AH equal to 
EF and AI equal to CD. Draw a line from I to 
B, and use a straightedge and sliding triangle to 
project H to J on a line parallel to IB. The ratio 
of AB to AJ is the same as that of CD to EF. 



CONSTRUCTIONS INVOLVING 
PLANE FIGURES 

In this section, we will explain how to con- 
struct a triangle, rectangle, square, circle, 
regular polygon, regular pentagon, hexagon, octa- 
gon, and so on. An understanding of the geomet- 
rical construction of plane figures, as presented 
in this section, is essential to the Engineering 
Aid because of the frequent occurrence of plane 
figures in engineering drawings. 

TRIANGLE: THREE SIDES GIVEN 

To draw a triangle with three sides given, 
first draw a straight line AB, equal in length 




A g 

J 

C D 



E F 



to one of the given sides. With A as a center, 
strike an arc with radius equal to the given 
length of the second side. With B as a oenter, 
strike an Intersecting arc with radius equal 
to the length of the third side. Draw lines from 
A and B to the point of intersection of the arcs. 

RIGHT TRIANGLE: HYPOTENUSE 
AND ONE SIDE GIVEN 

Figure 4-12 Illustrates a method of drawing 
a right triangle when the hypotenuse and one 
side are given. The line His the given hypotenuse; 
the line S is the given aids. Draw AB equal to 
H. Locate the oenter of AB (by bisection), sad 
with the midpoint as a oenter and a radius equal 
to one-half of AB, draw the semicircle from A 
to B as shown* Set compass or dividers to the 
length of S, and with A as a center strike an arc 
intersecting the semicircle at C. Draw AC and 
BC. 

EQUILATERAL TRIANGLE: LENGTH 
OF SIDE GIVEN 

To construot an equilateral triangle when the 
length of a side is given, you can follow the 
method previously described for constructing 
a triangle when the length of each side is given. 
The sides of an equilateral triangle are equal 
In length. 

Each angle In an equilateral triangle measures 
60°. This fact Is applied In the method of con- 
structing an equilateral triangle with given length 
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45,169 45.170 
Figure 4-11. — Dividing a line Into parts according Figure 4-12. —Constructing a right triangle with 
to a given ratio, hypotenuse and one side given. 
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of side which Is shown la figure 4-13. Simply 
uss s 30-o0* triangle sad s T-equsre oratraight- 
edgs to snot lines from A sad B at 60* to AB. 

EQUILATERAL TRIANGLE IN GIVEN 
CIRCUMSCRIBED CIRCLE 

A "circumscribed" plane flfurs is oas which 
encloses another figure, the droumsorlhsd figure 
being tangent to the extremities of the enclosed 
figure. An "inscribed" plans figure Is one which 
Is enclosed by a olrcumscribed figure. 

Figure 4-14 shows you how to lnsorlbs an 
equilateral triangle within a given olroumsorlbed 
olrole. Draw a vertioal oentorllne intersecting 
the gtrec olrole at A and B. With B as a center 
and a radius equal to the radius of the circle, 
strike arcs intersecting the olrole at C and D. 
Lines connecting A, C, and D form an equilateral 
triangle. 

EQUILATERAL TRIANGLE ON 
GIVEN INSCRIBED CIRCLE 

Figure 4-15 illustrates one method of cir- 
cumscribing an equilateral triangle on a given 
inscribed circle. Draw AB parallel to the hori- 
zontal oentorllne of the olrole and tangent to the 
circumference. Then use a 30-60* triangle to 
draw AC and BC at 60* to AB and tangent to the 
circle. 

Another method of accomplishing this con- 
struction is shown in figure 4-16. Draw radii at 
30* to the horizontal oentorllne of the circle, 
intersecting the circumference at C and B. There 
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Figure 4-14.— Equilateral triangle In given oir- 
oumsorlbed olrole. 



C 




Figure 4-15. — Equilateral triangle on given in- 
scribed circle: one method. 



is a third point of intersection at A, so that you 
now have three radii: OA, OB, and OC. Draw 
the sides of the triangle at A, B, and C, tangent 
to the circle and perpendicular to the relevant 
radius. 

RECTANGLE: GIVEN LENGTH 
AND WIDTH 



23 240.1 A To construct a rectangle of given length and 
Figure 4-13.- Equilateral triangle with given width, draw a horizontal line A B with tej-'ajus^ 
length of side AB. equal to the given length. With f -square W 
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23*240 .ID 

Figure 4-16.— Equilateral triangle on given in- 
scribed circle: another method. 



triangle erect perpendiculars from A and B, 
each equal to the given width. Connect the ends 
of the perpendiculars. 




SQUARE: 
OF SIDE 



GIVEN LENGTH 



Figure 4-17, —Square with given 
side. 



46.171 
length of 



You can construct a square of given length 
of side by the method described for constructing 
a rectangle. Another method is illustrated in 
figure 4-17, Draw horizontal line AB with the 
T-square, equal to the given length of side. With 
the T-square and a 45° triangle, draw diagonals 
from A and B at 46° to AB, Erect perpendiculars 
from A and B, intersecting the diagonals, and 
connect the points of intersection. 

SQUARE: GIVEN LENGTH 
OF DIAGONAL 

Figure 4-18 shows a method of constructing 
a square with a given length of diagonal. Draw 
horizontal line AB, equal to given length of 
diagonal. Locate O at the center of AB, and lay 
off CD through O, perpendicular to and slightly 
longer than AB. Use T-square and 45° triangle 
to draw AF and EB at 45° to AB and CD. Connect 
AE and FB. 




Figure 4-18.— Square with 
diagonal. 



45.172 
given length of 
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SQUARE IN GIVEN CIRCUMSCRIBED 
CIRCLE 

Figure 4-19 stows a method of irswing a 
•quart in a given circumscribed oirole. Draw 
tbs diameters AB and CD at right angles to 
tsoh other, and oonneot the points where tbs 
diameters Intersect ths otrountfsrenoe of ths 
oirole. 

SQUARE CIRCUMSCRIBED ON GIVEN 
INSCRIBED CIRCLE 



Figurs 4-20 Illustrates a msthod of olr- 
oumscrlbtag a square on a given ineoribed 
oirols. Draw ths diameters AB and CD at right 
angles to each otter. Then draw each aids of 
tbs square tangs* to the point wfasre a diameter 
Intersects the oircumferenoe of the oircle, and 
perpendicular to the diameter. 

ANY REGULAR POLYGON IN GIVEN 
CIRCUMSCRIBED CIRCLE 

You can oonetruot any regular polygon In a 
given olroumeorlbed oirole by trial-end-error 
with compass or dividers as shown in figure 4-21. 
To draw a 9-elded regular polygon in the oirole 
shown, divide the clrcumfsrenoe by trlal-and- 
error with compass or dividers Into 9 equal 
segments, and connect the points of intersection. 
To get a trial spread for the compass or dividers, 
divide ths central angle subtended by the entire 
oirole (360°) by the number of sides of the 
polygon (in this case, by 9). Than, lay off the 




46.174 

Figure 4-30.— Square on gtren ineoribed circle. 
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45.173 

Figure 4-19.— Square in given circumscribed 
circle. 
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45,175 

Figure 4-81.— Regular polygon In given circum- 
scribed circle. 



central angle quotient from the center of the 
circle to ths circumference with a protractor. 

ANY REGULAR POLYGON ON GIVEN 
INSCRIBED CIRCLE 

The same method (dividing the circumference 
into equal segments) can be used to construct a 
regular polygon on a given inscribed circle. In 
this case, however. Instead of connecting the 
points of intersection on the circumference, 
draw each side tangent to the circumference mm 
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perpendicular to the radius at each point of 
intersection, as shown in figure 4-22. 

ANY REGULAR POLYGON WITH 
GIVEN LENGTH OF SIDE 

Figure 4-23 Illustrates a method of drawing 
any regular polygon with a given length of side. 
To draw a 9-sided regular polygon with length 
of side equal to AB 9 first extend AB to C, 
making CA equal to AB. With A as a oenter and 
AB (or CA) as a radius, draw a semicircle ss 
shown. Divide the semicircle into 9 equal segments 
from C to B, and draw radii from A to the points 
of intersection. The radius A2 is always the 
second side of the polygon. 

Draw a circle thr. ;h ooints A, B, and D. 
To do this, first erecv p ~ idicular bisectors 
from DA and AB. The pu^u of intersection of 
the bisectors is the center of the circle. The 
circle is the circumscribed circle of the polygon. 
To draw the remaining sides, extend the radii 
from the semicircle as shown, and connect the 
points where they intersect the circumscribed 
circle. 

REGULAR PENTAGON, 
HEXAGON, OR OCTAGON 

Besides the methods described for construct- 
ing ai y regular polygon, there are particular 




45,681 

Figure 4-22. — Re ^ilar polygon on given inscribed 
circle. 




46.176 

Figure 4-23.— Any regular polygon with given 
length of side. 

methods for constructing a regular pentagon, 
hexagon, or octagon. 

Regular Pentagon in Given 
Circumscribed Circle 

Figure 4-24 illustrates a method of con- 
structing a regular pentagon in a given circum- 
scribed circle. Draw a horizontal diameter AB 
and a vertical diameter CD. Locate E, the mid- 
point of the radius OB. Set a compass to the 
spread between E and C t and with E as a oenter 
strike the arc CF. Set the compass to the spread 
between C and F, and with C as a center strike 
the arc GF. A line from G to C forms one side 
of the pentagon. Set a compass to GC and lay off 
this interval from C around the circle. Connect 
the points of intersection. 



Regular Pentagon on Given 
Inscribed Circle 

To construct a regular pentagon on a given 
inscribed circle, determine the 5 equal intervals 
on the circle in the same manner. However, 
instead of connecting these points, draw each 
side of the figure tangent to the circle at a point 
of intersection. 
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45*177 

Figure 4-24.— Regular pentagon In given cir- 
cumscribed circle. 



Regular Hexagon in Given 
Circumscribed Circle 

Many bolt heads and nuts are hexagonal (6* 
sided) In shape. Figure 4-25 shows a method of 
constructing a regular hexagon in a given circum- 
scribed circle. The diameter of the circum- 
scribed circle has the same length as the long 
diameter of the hexagon. The radius of the 
circumscribed circle (which equals one-half the 
long diameter of the hexagon) is equal in length 
to the length of a side. Lay off the horizontal 
diameter AB and vertical diameter CD. OB is 
the radius of the circle. From C, draw a line 
CE equals to OB; then lay off this interval 
around the circle , and connect the points of 
Intersection. 

Figure 4-26 shows another method of con- 
structing a regular hexagon in a given circum- 
scribed circle. Draw vertical diameter AB, and 
use T-square and 30-60* triangle to draw BC 
from B at 30° to the horizontal. Set a compass 
to BC, lay off this interval around the circum- 
ference, and connect the points of intersection. 

Regular Hexagon on Given 
Inscribed Circle 

Figure 4-27 shows a method of constructing 
a regular hexagon on a given inscribed circle. 
Draw horizontal diameter AB and vertical center- 
line. Draw lines tangent to the circle and per- 
pendicular to AB at A and B. Use T-square and 
30-60° triangle to draw remaining sides of the 
figure tangent to the circle and at 30° to the 
horizontal. 339 




4SJ79 

Figure 4-25.— Regular hexagon In given circum- 
scribed circle: one method. 




45.179 

Figure 4-26. — Regular hexagon in given circum- 
scribed circle: another method. 



Regular Octagon in Given 
Circumscribed Circle 

Figure 4-28 shows a method of constructing 
a regular octagon in a given circumsc^ed 
circle. Draw horizontal diameter AB andvej^Wl 
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45.180 

Figure 4-27.— Regular hexagon on given in- 
scribed circle. 



diameter CD. Use T-square and 46* triangle to 
draw additional diameters EF and GH at 46* 
to the horizontal. Connect the points where the 
diameters intersect the circle. 

Regular Octagon on Given 
Inscribed Circle 

Figure 4-29 shows a method of constructing 
a regular octagon around a given inscribed circle. 
Draw horizontal diameter AB and vertical di- 
ameter CD. Draw tangents at A, B, C, and D 
perpendicular to the diameters. Then use a T- 
square and 46* triangle to draw tangents at 46° 
to the horizontal, intersecting the first tangents 
drawn* 

PENTACLE (STAR) 

Figure 4-30 shows a method of constructing 
a pentaole. First draw (lightly) a horizontal line 
that is approximately greater than the diameter 
of the circle that oould circumscribe the proposed 
star. With a compass, lay off the desired radius 
OG. Using f as tte radius, and point 0 as a 
center, draw u* circle lightly. The circle inter- 
sects the horizontal line at H. HOG Is now the 
diameter of the circle. 

From O, erect (lightly) a perpendicular inter* 
rioting the circle at point A. Bisect the radius 
OG by any method, thereby creating point F. 
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45.181 

Figure 4-28. — Regular octagon in given circum- 
scribed circle. 



45.182 

Figure 4-29.— Regular octagon on given inscribed 
circle. 
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46.715 

Figure 4-30. — PenUcle (star). 




With a compass, measure off the distance AF. 
Using AF as the radius, and print A as a center, 
lay off thick marks at points E and B on the 
circle as shown. Likewise, using the same radius, 
AF, but this time using E and B as centers, 
mark off points D and C, respectively* Then 
connect AC, AD, BD, EC and EB with heavy 
lines — thus forming the pentacle (star). 



CONSTRUCTION OF CURVES 

Many of the common geometrical construc- 
tions occurring In the drafting room are those 
involving circular curves. In this section, we 
will explain how to construct circular curves 
that may be required to satisfy varying conditions. 

CIRCLE THROUGH THREE POINTS 

In figure 4-31 the problem is to draw a circle 
(or a circular arc) which passes through points 
A, B, and C. Connect the points by lines and 
erect perpendicular bisectors as shown. The 
point of Intersection of the perpendicular bi- 
sectors is the center of the circle or arc passing 
through all three points. 

LINE TANGENT TO A CIRCLE 
AT A GIVEN POINT 

A line which is tangent to a circle at a given 
point is perpendicular to the radius which inter- 
sects the point. It follows that one method of 



46.183 

Figure 4-31 .—Circle or arc through three points. 



drawing a line tangent to a circle at a gfrgi 
point is to draw the radius which lntere^A 
the point, and then draw the line tangent^!* 
the point of intersection and perpendicular to the 

radius. _ 

Another method is shown In figure 4-32. To 
draw a line tangent to the cirole at P, set a 
compass to the radius of the circle and, with P 
as a center, strike an arc which intersects the 
circle at A. With the compass still set to the 
radius of the circle, use A as a center and strike 
an arc which Intersects the first arc at B. With 
B as a center and the compass still set to the 
radius of the circle, strike another arc. A line 
through the point of Intersection of the last- 
drawn arc and through P is tangent to the circle 
at P. 

CIRCULAR ARC OF GIVEN RADIUS 
TANGENT TO TWO STRAIGHT LINES 

The problem of drawing a fillet or round 
(explained in a previous section) comprises the 
problem o drawing a circular arc of given 
radius tangent to two non-parallel lines. 

Figure 4-33 shows a method which can be 
used when the two nonpar allel lines form a 
right angle. A B is the given radius of the arc. 
Set a compass to this radius, and with the p^t 
of intersection of the lines as a center, st^p 
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45.184 

Figure 4-32. — Line tangent to given point on 
circle. 



an arc intersecting the lines at C and D. With 
C and D as centers and the same radius, strike 
intersecting arcs as shown. The point of inter- 
section of these arcs is the center of the circle 
of which an arc of the given radius is tangent 
to the lines* 

Figure 4-34 shows a method which can be 
used regardless of the size of the angle formed 
by the lines* Again AB equals the given radius 
of the arc, and the problem is to draw an arc 
with radius equal to AB, tangent to CD and EF* 
Draw GH parallel to CD, and at a distance from 
CD equal to the given radius of the arc. Draw 
U parallel to EF, also at a distance equal to the 
given radius of the arc. The point of intersection 
between GH and LJ is the center of the circle 
of which an arc of the given radius is tangent 
to CD and EF. 




45.186 

Figure 4-34. — Circular arc tangent to two lines 
which form any angle. 



CIRCULAR ARC OF GIVEN RADIUS 
TANGENT TO STRAIGHT LINE AND 
TO ANOTHER CIRCULAR ARC 



The problem in figure 4-35 is to draw a 
circular arc with radius equal to AB, tangent 
to the circular arc CD and to the straight line 
EF. Set a compass to a radius equal to the 



radius of the circular arc CD plus the given 
radius AB (which is indicated by the dotted line 
shown), and with O as a center strike the arc 
GH. Draw a line U parallel to EF, at a distance 
from EF equal to AB. The point of intersection 
between GH and U is the center of the circle 
of which an arc of the given radius is tangent to 
CD and EF. 
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45.187 

Figure 4-36.— Circular arc tangent to a straight 
line and another circular arc. 
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23.235 

Figure 4-36.— Circular arc tangent to two other 
circular arcs* 



CIRCULAR ARC OF GIVEN RADIUS 
TANGENT TO TWO OTHER CIRCULAR 
ARCS 

The problem In figure 4-36 is to draw an 
arc with radius equal to AB 9 tangent to the 
circular arcs CD and EF. Set a compass to a 
spread equal to the radius of CD plus AB (indi- 
cated by the left-hand dotted line), and with 0 
as a center strike an arc. Set the compass to a 
spread equal to the radius of EF plus AB 
(indicated by the right-hand dotted line), and 
with 0* as a center strike an Intersecting arc. 
The point of Intersection between the two arcs 
is the center of the circle of which an arc of 
given radius is tangent to CD and EF. 

In figure 4-36, the circular arcs CD and 
EF curve in opposite directions. In figure 4-37, 
the problem is to draw an arc with radius equal 
to AB, tangent to two circular arcs, CD and EF, 
which curve in the same direction. 

Set compass to a radius equal to the radius 
of EF LESS AB, and with 0 1 as a center strike 
an arc. Then, set the compass to a radius 
equal to the radius of arc CD plus line AB, 
and O as center strike an intersecting arc at P, 
The point of intersection between these two arcs 
is the center of the circle of which an arc of the 
given radius is tangent to CD and EF. 

When a circular arc is tangent to another, it 
is commonly the case that the two arcs curve 
In opposite directions. However, an arc may be 
drawn tangent to another with both curving in 




45.189 

Figure 4-37, — Circular arc tangent to arcs which 
curve in the same direction. 



the same direction. In a case of this kind, 
the tangent arc is said to 1 'enclose " the other. 

An arc tangent to two others may enclose 
both, or it may enclose only one and not the 
other. In figure 4-38, the problem Is to draw a 
circular arc with radius equal to AB, tangent 
to and enclosing both CD and EF, Set a compass 
to a radius equal to AB less the radius of CD 
(indicated by the dotted line from 0), and wi^^ 
as a center strike an arc. Set the compa^A 
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Figure 4-38. — Circular arc tangent to and en- 
closing two other circular arcs. 



a radius equal to AB less the radius of EF 
(indicated by the dotted line from O'), and with 
O* as a center strike an intersecting arc at P. 
The point of intersection between these two arcs 
is the center of a circle of which an arc of given 
radius is tangent to, and encloses, both CO and 
EF. 

In figure 4-39, the problem is to draw a 
circ ular arc with radius equal to AB, tangent 
to and enclosing CD, and tangent to but NOT 
enclosing EF. Set a compass to a radius equal 
to AB less the radius of CD (indicated by the 
dotted line from O), and with O as a center strike 
an arc. Set the compass to AB PLUS the radius 
of EF (as indicated by the dotted line from O'), 
and with O 1 as a center strike an Intersecting 
arc at P. The point of intersection between the 
two arcs is the center of a circle of which an 
arc of the given radius is tangent to and encloses 
CD, and also tangent to, but does not enclose, 
EF. 

COMPOUND CURVE 

A curve which is made up of a series of 
successive tangent circular arcs is called a 
tt c6mpound ,, curve. In figure 4-40, the problem 
is to construct a compound curve passing through 
given points A, B, C, D, and E. First connect 
the points by straight lines. The straight line 
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Figure 4-39. — Circular arc tangent to and en- 
closing one arc, and tangent to but not enclos- 
ing another. 
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Figure 4-40. — Curve composed of a series of 
consecutive tangent circular arcs. 



between each pair of points constitutes the chord 
of the arc through the points. 

Erect a perpendicular bisector from AB. 
Select an appropriate point Ox on the bisector 
as a center, and draw the arc AB. From Oi 
draw the radius Oi B. ' From BC erect a per- 
pendicular bisector. The point of intersection 
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0, between this blMotor and tte radius C^B U 
the center for tte aro BC. Draw tte radius 
O t C, aod erect a perpendicular bisector from 
CD, The point at Intersection 0* between this 
bisector and the extension of 0*C is the center 
for the arc CD. 

To continue the curve from D to E you must 
reverse the direction of curvature. Draw tte 
radius O3D, and erect a perpendicular bisector 
from DE on the opposite side of the ourre from 
thoee previously erected. Hie point of intersection 
between this bisector and the extension of G3D is 
the center of the arc DE. 

REVERSE OR OGEE CURVE 

A "reverse" or "ogee" ourre is composed 
of two consecutive tangent circular arcs which 
curve in opposite directions. 

Figure 4-41 shows a method of connecting 
two parallel lines by a rererse ourre tangent to 
the lines. The problem Is to construct a rererse 
curre tangent to the upper line at A and to the 
lower line at B. 

Cpnnect A and B by straight line AB. Select 
on AB point C where you want to have the rererse 
curre change direction. Erect perpendicular bi- 
sectors from BC and CA, and erect perpendiculars 
from B and A. The points of Intersection between 
the perpendiculars (Oi and Oa) are the centers far 
the arcs BC and CA. 

Figure 4-42 shows a method of constructing 
a rererse curve tangent to three intersecting 
straight lines. The problem is to draw a reverse 
curve tangent to the three lines which Intersect 
at points A and B. Select on AB point C where 
you want the reverse curve to change direction. 
Lay off from A a distance equal to AC to establish 
point D. Erect a perpendicular from D and 
another from C. The point of intersection of 





Figure 4-41. — Reverse 
tangent to two 
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curve connecting and 
parallel lines. 
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Figure 4-42.— Rererse ourre tangent to three 
intersecting straight lines. 



these perpendiculars (0*) Is tte center of the 
aro DC. 

Lay off from B a distance equal to CB to 
establish point E, Erect a perpendicular from 
E 9 and extend OiC to Intersect it. The point 
of intersection (Oa) is the center of the arc CE. 

RECTIFYING A CIRCULAR ARC 

One of the meanings of the word 1 'rectify 1 1 
is; n to straighten. M To "rectify 0 a circular aj^ 
means to straighten it out— that is, to draw^ 
straight line baring tte same length as the 
length of the arc. 

In figure 4-43, tte problem is to rectify tte 
arc AB. From A draw line AO tangent to aro 
AB, with chord BA extended. Lay off AC equal 
to one-half of AB. With C as center and CB as 
radius, draw an arc intersecting AD at D. AD 
will be slightly shorter than tte length of aro 
AB. 

If tte central angle of tte given arc Is be- 
tween 45* and 90°, a closer approximation will 
result by making AC equal to tte chord of half 
the arc instead of half tte chord of tte arc. 

Tte usual procedure for rectifying an arc is 
to set tte dividers Into a space small enough to 
be practically equal In length to tte corre- 
sponding arc. Starting at B In figure 4-43 and 
without lifting tte dividers, step along tte arc 
noting tte number of steps and fraction thereof; 
then, step off tte same number of spaces on 
the tangent as shown In the illustration. 

LAYING OFF A GIVEN LENGTH 
ON A CIRCULAR ARC 

Figure 4-44 shows a method of laying off a 
jiven length on a circular arc. The problem^ 
to lay off, on the arc shown, a length equaHP 
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Figure 4-43. — Rectifying a circular arc. 
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Figure 4-44. — Laying off a given length on a 
circular arc. 



AB. Draw the radius OC, and draw tangent CD 
equal to AB and perpendicular to OC. Extend 
CO to E, making OE twice as long as OC. 
Connect E and D by a straight line intersecting 
the arc at F. The arc FC is very slightly shorter 
than the tangent CD — that is, very slightly 
shorter than the given length AB. For a central 
angle of 30° the difference would be 1 in 2326; 
for a central angle of 45° it would be 1 in 420; 
for a central angle of 60° it would be 1 in 132. 

This method can also be used for rectifying 
a circular arc. It is slightly less accurate than 
the method previously described. 



CONSTRUCTIONS INVOLVING 
NONCIRCULAR CURVES 

The basic uniform noncircular curves axe the 
ellipse, the parabola, and the hyperbola. These 
curves are derived from conic sections as 
shown in figure 4-45. The circle itself (not 
shown, but a curve formed by a plane passed 
through a cone perpendicular to the vertical 
axis) is also derived from a conic section. 



ELLIPSE BY PIN - A ND-S TRING 
METHOD 

The dimensions of an ellipse are given in 
terms of the lengths of the major (longer) and 
minor (shorter) axes. Figure 4-48 shows a 
method of constructing an ellipse which is called 
the M pin- and- string M method. The problem is to 
construct an ellipse with major axis A Band minor 
axis CD. Set a compass to one-half the length 
of AB, and with C as a oenter strike arcs inter- 
secting AB at F and F\ Set a pin at point C, 
another at F, and a third at F». Tie the end of a 
piece of string to the pin at F, pass the string 
around the pin at C, draw it taut, and fasten 
to the pin at F\ Remove the pin at C, place the 
pencil point in the bight of the string, and draw 
the ellipse as shown in view C, keeping the 
string taut all the way around. 

ELLIPSE BY TRAMMEL 
METHOD 

Another method of constructing an ellipse, 
called the 1 'trammel" method, is shown in figure 
4-47. In this method, you plot a series of points 
along the ellipse by the use of a marked straight- 
edge called a trammel. A strip of paper, card- 
board, or plastio, or the edge of a triangle, 
will serve the purpose. 

On the edtge of the trammel, lay off OE 
equal to one-half the minor axis CD and OF equal 
to one-half the major axis A B. If the trammel 
is set on the axes so that E is constantly on the 
major axis AB and F constantly on the minor 
axis CD, 0 will lie always on the ellipse for any 
angle of the trammel. Figure 4-47 shows how 
you can apply this fact to plot a series of points 
along the ellipse. You can then fair aline through 
the points with a french curve. 

ELLIPSE BY FOCI MKTHOD 

A third method of constructing an ellipse, 
called the "foci" method, is shown in figure 
4-48. In this method you plot a series of points 
along the ellipse by drawing a series of inter- 
secting arcs, using points F and F' on the major 
axis (these points are the ••foci 1 ') as centers. 

To locate the foci, set a compass to one-half 
of the major axis and, with C as a center, strike 
arcs intersecting the major axis at F and F 1 . 
Divide OF into at least 5 equal intervals (there 
axe 6 in figure 4-48). To plot the first pair of 
intersecting arcs, set the compass to Al and, 
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Figure 4-45.— Conic sections: (A) ellipse; (B) parabola; (C) hyperbola. 
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Figure 4-47. — Ellipse by trammel method. 
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Figure 4-48. — Ellipse by foci method. 

with F f as a center, strike an arc in I and IV 
quadrants; then set the compass to Bl and, with 
F as a center, strike an intersecting arc. To 
plot the next pair, set the compass to A2 and, 
with F f as a center, strike an arc in I and IV 
quadrants; then set the compass to B2 and, with 
F as a center, strike an intersecting arc. Con- 
tinue in this fashion to plot the points between 
the first quadrant and the fourth quadrant. To 
plot the points between the second and the third 



quadrante, proceed in the same manner. Next, 
fair a line through tbs points with afreach ourre. 

ELLIPSE BY CONCENTRIC 
CIRCLE METHOD 

Figure 4*49 shows the "oonoentrto circle" 
method of drawing an ellipse. With the point of 
intersection between the axes is a outer, draw 
two oonoentrlo circles (circles with a common 
center), cue with diameter equal to the major 
axis and the ether with diameter equal to tbs 
minor axis, as shown in figure 4-49<A). Draw 
a number of diameters as shown in 4-49(B). 
From the point of intersection of each diameter 
with the larger circle draw a vertical line; 
and from Use point of intersection of each diameter 
with the smaller circle draw an Intersecting 
horizontal line, as shown in 4-49<C). Draw the 
ellipse thrash the points of intersection, as 
shown In 4-49<D). 

ELLIPSE ON GIVEN CONJUGATE 
DIAMETERS 

The major and minor axes of an ellipse are 
perpendicular to each other. "Conjugate" di- 
ameters of an ellipse are diameters which are not 
perpendicular to each other. Figure 4-50 shows 
a method of constructing an ellipse on given 
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Figure 4-49. — Ellipse by concentric circle 
method. 
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Figure 4-60.— Ellipse on given ooojugate diameter*. 



conjugate diameters. First draw the circum- 
scribing parallelogram EFGH. Divide EA and 
AO Into the same number of equal intervals. 
Draw lines from D through the Intervals of AO, 
and lines from C to tbe intervals of EA. Draw 
the elllpee through the points of Intersection of 
these lines. For the other three-quarters of the 
elllpee, pro ce ed in tbe same fashion with tbe 
other three-quarters of the parallelogram. 

PARABOLA 

Figure 4-51 shows a method of drawing a 
parabola. The problem is to draw a parabola 
which starts at A, ends at B, and has CO as a 
vertical axis. Draw AD, DE, and EB, creating 
tbe rectangle ADEB. Divide AD and BE into a 
number of equal intervals, and divide AB into 
twice as many equal intervals. Draw lines from 
C to tbe Intervals along AD and BE, and erect 
perpendiculars from the intervals of AB to 
intersect these lines. Draw the parabola through 
the points of intersection as shown. 

This method is a general method which can 
be used to construct any curve derived from a 
conic section. Figure 4*52 shows its use in 
constructing an ellipse with major axis AB and 
minor axis CD. Figure 4-50 shows its use in 
constructing an ellipse on given conjugate axes. 

HYPERBOLA 

Figure 4-53 shows the use of the general 
method to construct a hyperbola. The problem 
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Figure 4-61 . — Parabola. 

here is to draw a hyperbola which starts at A, 
ends at B, and has CO as a vertical axis. Draw 
AD, DF, and EB, creating the rectangle ADEB. 
Divide AD and BE into a number of equal inter- 
vals, and divide AB into twice as many equal 
intervals. Extend OC to C\ The amount you 
extend it depends on how sharp you want the 
curve of the hyperbola to be. The longer you 
make C'O, the flatter the curve will be. 

Draw lines from C to the intervals along 
AD and BE, and lines from C f to the intervals 
of AB. Draw the hyperbola through the poin| 
of intersection as shown. 
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Figure 4-52.— Ellipse by general method for 
drawing any curve derived from a conic 
section* 




t lgure 4-53» — Hyperbola. 45.205 

SPIRAL OF ARCHIMEDES 

A "spiral of Archimedes" is a curve which 
follows the path which would be traced by a 
point moving around and away from a fixed point 
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Figure 4-54. —Spiral of Arohimedes, 



(called the "pole") In such a manner a* to have 
the distance of the point from the pole increase 
uniformly with the ingle generated by the point. 

The method of constructing a spiral of Archi- 
medes is based on this definition. In figure 4-54, 
the problem is to construct a spiral of Archimedes 
beginning at the pole O. Draw a succession of 
lines from 0, with equal angles bet w een the lines 
(an angle of 30* is suitable)* Divide one of the 
lines into 12 equal intervals. Then, from pole O, 
draw 12 ooncentric circles as shown In figure 
4-54, and number them consecutively from the 
center. Next, plot a point where line 1 and circle 
1 intersect, as illustrated. Continue plotting In 
the same manner up to line 12 and circle 12, 
and fair a line through these points with a french 
curve. 
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CHAPTER 5 

DRAFTING: PROJECTIONS, REPRODUCTIONS, 

AND FILING 



This chapter oovers various methods of pro- 
jection and engineering drawing techniques. It 
discusses conventional methods used in present^ 
different views of a drawn object, so that the 
drawing oonveys all information neoessary for 
construction or manufacture of the object. It alio 
dlscussee various drawing reproduction proo- 
eeeea and metboda of filing drawings. 



THEORY OF PROJECTION 

A technical drawing of an object la an accurate 
graphic representation of the object, drawn on a 
plane surface. The representation la made by 
projecting the points and lines of the object onto 
the plane surface. The plane surface, often called 
the PLANE of PROJECTION or PICTURE PLANE, 
ia always placed between the observer and the 
object to be projected. 

Projection la done, in theory, by extending 
lines of eight, called PROJECTORS, from the eye 
of the observer through lines and points on the 
object to the plane of projection. 

CENTRAL PROJECTION 

If the line of sight were literally followed, the 
result would be the type of projection illustrated 
in figure 5*1* Because the projectors converge 
at a single central point (the eye of the observer), 
this type is called CENTRAL projection. 

You can see that the projected view of the 
object varies considerably in slae, according to 
the relative positions of the object, the plane of 
projection, and the eye of the observer. For this 
and other reasons, oentral projection is seldom 
used for the projection of technical drawings. 

PARALLEL PROJECTION 

If the observer were located an infinite dis- 
tance away from the object and its plane of 
projection, the projectors, instead of converging 



to a point, would be parallel to each other. For 
reasons of ocovenlenoe, this is presumed to be 
the osse for most technical drawing. Figure 6-1 
Illustrates parallel projection* You oan see that, 
If the projectors are perpendicular to the pleas 
of projection (as they are 1a figure 5-2), the 
dimensions of the projection are the aame as 
the ^mmmumm of the object, regardless of the 
relative positions and distances. 



ORTHOGRAPHIC AND OBLIQUE 
PROJECTION 

An ORTHOGRAPHIC projection is 
projection in which the projectors are ] 
lar to the plane of projection. An OBUQX 



is a par^]|l 
iperpend^B 

m OBLIQUE 
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Figure 5-1. — Central projection. 
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Figure 5-2. — Parallel projection. 



projection is a parallel projection In which the 
projectors are oblique (not perpendicular) to the 
plane of projection. 

Figure 5-3 shows the same object by both 
orthographic and oblique projections. Always 
imagine that the plane of projection is between 
the observer end the object, In figure 5-3 the 
block is placed In such a manner that its front 
surface (the surface toward the p)me of projec- 
tion and represented by A BCD) is parallel to the 
plane of projection. 



As you can see, the resulting image in the 
orthographic projection shows only the front 
surface of the block, as indicated by A'B'C'D'; it 
shows only two dimensions— the height and the 
width, which are both true dimensions. 

On the other hand, the oblique projection (as 
shown in the upper image of figure 5-3) shows 
the front, the side and the top surface. By so 
doing, it shows three dimensions — . width, 
the length, and the height. If you examine figure 
5-3 closely, you will observe that the primed 
letters on the plane of projection correspond tc 
the letters on the block. It should be noted, 
however, that the front face of the block is seen 
in its true size and shape in both in ages. Notice 
also that hidden lines are not ge * rally shown 
in the projection. Oblique projection is one 
method by which an object can be shown in a 
single view and in all three dimensions. It is 
the simplest type of pictorial drawing. 



oauouc 

PROJECTORS 
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Figure 5-3. — Comparison between oblique and 
orthographic ; m oJectlon of a cube. 



SINGLE-PLANE PROJECTION 

A type of projection in which an object can be 
shown in all three dimensions in one picture 
plane is called a SINGLE-PLANE projection. The 
oblique projection shown in figure 5-3 is an 
example. 

OBLIQUE SINGLE-PLANE 
PROJECTIONS 

There are two common types of oblique single- 
plane projections: the cavalier projection and the 
cabinet projection. 

Cavalier Projection 

In a cavalier projection the projectors are 
presumed to make a 45° angle, both vertically and 
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horizontally, with the plan* of projection. Assume 
that la figure 5-4 the line XX* represents a 
side-edge view of the plane of projection, and that 
the squire A BCD represents a side of a oube, 
placed with its front face parallel to and its top 
face perpendicular to the plans of projection* You 
can see that the projected lengths of AB and AC, 
as well as A'B' and A f C\ are the same as their 
actual lengths, and the fact that they are the same 
can be proved geometrically. 

Assume now that the line XX 1 represents a 
top-edge view of the plane of projection, and that 
the square A BCD represents the top of the cube. 
Again the projected lengths of A B and AC are the 
same as the actual lengths. 

In a cavalier projection, then, any line which 
is parallel to, or perpendicular to, the plane of 
projection Is projected in its true length. Such a 
line is called a "regular" line. 

Figure 5-5 shows the comparison between a 
cavalier and a cabinet projection of the same 
cube shown in figure 5-4. You start by drawing 
tie axes, which consist of the front axes OX and 
OY and the "receding" axis OZ. The front axes 
are perpendicular to each other; the receding 
axis OZ is drawn 45* with the horizontal axis 
OX, and this is true only for both cavalier and 
cabinet projections drawings. The receding lines 
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Figure 5-4.— Angle of projectors in cavalier 
projection. 



45.228: .229 

Figure 5-5,— Comparison between cavalier and 
cabinet projection of a oube. 

of the cavalier and cabinet projections mate 46* 
with the front axes; In oblique drawing, thiseoi'Ui 
be any acute angle. 

After the axes are drawn, complete the pro- 
jection by measuring off the dimensions of the 
respective faces of the object. In a oube, tt^ 
dimensions are equal; however, in a oaval^B 
projection the receding portion appears longer; 
because cavalier projection compensates for cur 
natural human optical Illusions. To our naked 
eyes, an object becomes smaller as its distance 
from us becomes greater. This optical Illusion 
causes receding parallel lines to seem shorter 
than they really are. These lines also appear to 
converge toward a point in the d ist a nce , such as 
the image you will see when you stand at the center 
of a railroad track and gaze ahead in the direction 
of the rails to where they meet the horiaon. 

In a cavalier projection, receding parallel lines 
remain parallel and retain their true lengths. As 
shown in figure 5-5, the far edge of the cut a 
appears equal in length to the corresponding front 
edge. 

Cabinet Projection 

Because the eye is accustomed to its illusions, 
a cavalier projection gives an appearance of 
distortion. This appearance is sometimes mini- 
mized by reducing the receding dimension as 
indicated in figure 5-5. The dimension along the 
receding axis can be reduced by any amount; 
when it is reduced by half, the resulting projj^ 
tion is called a cabinet drawing. As you can 
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the eye la better satisfied with thla representa- 
tion. However, this satisfaction is obtained by 
deliberately Introducing an error In the repre- 
sentation, that is, by making the receding dimen- 
sion along axis OZ only half as long as It actually 
is. 

ORTHOGRAPHIC SINGLE -PLANE 
PROJECTION 

In accordance with the theory of projection, 
the following types of projective systems are 
classified under orthographic single-plane pro* 
jectlon: 

1. Isometric projection 

2. Isometric drawing 

3. Dime trie projection 

4. Trimetrlc projection 

These projections are technically known as 
"axonometric" projection. Axonometric projec- 
tion is a form of orthographic projection in that 
the projectors are always perpendicular to the 
plane of projection; that is, the object itself, 
rather than the projectors, is placed inclined to 
the picture plane. 

Isometric Projection 

An isometric projection is a single-plane 
projection which gives the appearance of "natural- 
ness" without the introduction of any error. 
Isometric projection is orthographic projection— 
that is, the projectors are presumed to be per- 
pendicular to the plane of projection. It is the 
object itself that is presumed to be inclined to 
the plane, as shown in figure 5-6. Here the cube 



is placed with a corner toward the plane of pro- 
jection, and inclined so that eaoh of its surfaces 
makes an angle of 35° 16 1 (called the isometric 
angle) with the plane. 

The projection of each of the edges of the cube 
is slightly shorter than the actual length of the 
edge. The amount of reduction may be expressed 
as the ratio of 1 to the cosine of 35* IS'. The 
cosine of 35° 16* is 0.8165. Therefore, if the 
edge of the cube were 1 in. long, the projected 
edge would be 0.8165 in. long. 

Any line on the objeci which makes the 
isometric angle with the plane of projection is 
called an isometric line. All isometric lines 
project in the same foreshortening ratio 
(1:0.8165); hence the term "isometric, 1 * which 
means "equal measure. M 

Figure 5-7 shows the isometric projection of 
figure 5-6 as it would look to an observer whose 
line of sight was perpendicular to the plane of 
projection. The figure is built on a central axis 
consisting of three axes — OA, OB, and OC — 120° 
apart. 

Isometric Drawing 

Assume that the projection shown in figure 
5-7 is that of a cube which has dimensions 1 in. x 
1 in, x 1 in. For an isometric projection made 
full-scale, the dimensions would be 0,8165 in, x 
0.8165 in, x 0,8165 in. 

Now, if you made the drawing with dimensions 
the same as those of the object (1 in. x 1 in, x 1 
in.), the drawn figure would be slightly larger 
than a true isometric projection, but there would 
be no significant difference otherwise. The pro- 
portions of the figure with respect to each other 
would be the same. Consequently, in practice it is 




125 



ENGINEERING AID 3 & a 2 




45.231 

Figure 5-7. — Isometric axis. 



often the case that an isometric "drawing" rather 
than an isometric * 'projection" is made. In a 
full-scale isometric drawing the lengths of 
isometric lines are made the same as the lengths 
of the same lines on the object, instead of being 
scaled down in the ratio of 1:0.8165, as they are 
in a full-scale isometric projection. 

It would be worthwhile to mention the signifi- 
cant differences between an isometric drawing 
and both orthographic and perspective drawings. 
The significant differences are as follows: 

1. An isometric drawing generally shows 
three or more surfaces in a given view, whereas 
an othographic drawing only shows one surface. 

2. In an isometric drawing, the receding lines 
remain parallel, whereas in a perspective drawing 
they converge. Perspective drawing is discussed 
later in this chapter. 

Dimetric Projection 

In an isometric projection of a cube, all of the 
surfaces of the cube make the same angle with 
the plane of projection. A cube has three pairs of 
opposing surfaces. 

In a DIMETRIC projection of a cube, only 
two pairs of surfaces make the same angle with 
the plane of projection, while the third pair makes 
a different angle. Figure 5-8 shows a dimetric 
projection of a cube. The pairs of surfaces which 
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Figure 5-8.— Dimetric projection of a cube, 
showing one practical dimetric axis. 

form the sides make the same angle with the 
plane of projection. The pair which forms the top 
and bottom makes a different angle. It follows 
that the foreshortening of the dimensions of the 
side surfaces is not the same as that of the 
riim^wjincm of the top and bottom aurfaoes. There- 
fore, two different scales are required for fore* 
shortening; hence the term "dimetric," wtA 
means "two-measure." 

An isometric projection is built on an axle 
consisting of three axes at 120* to each other. A 
dimetric projection is also built on a three- 
legged axis, but the angles between the legs are 
variable according to the angle of inclination of 
one pair of surfaces to the plane of projection. 

There are three axes which have been found 
suitable for most dimetric projections. One is 
shown in figure 5-8. You can construct this one 
by drawing OC vertical and using a protractor 
to draw OA and OB at 15* 00* to the horizontal. 
For this axis you foreshorten OA and OB in the 
ratio of 3/4 to 1 OC. 

Another practical dimetric axis is shown in 
figure 5-9. You can construct this one by drawing 
OC vertical and then drawing OA and OB from 0 
to 36° 50* to the horizontal. For this axis the 
foreshortening ratio is 3/4 OC to 1 OA and OB. 

In figures 5-8 and 5-9 it is the side pairs of 
surfaces that make the same angle with the plane 
of projection, while the top and bottom pair makes 
a different angle. In figure 5-10 the top and 
bottom pair and one pair of side surfaces make 
the same an 0 le, while the other pair of side 
surfaces makes a different angle. A practical 
dimetric axis for a cube in this position is shown 
in the figure. You can construct this one^^ 



erJc 



Or: 

v > ^ 



126 



Chapter 5— DRAFTING: PROJECTIONS, REPRODUCTIONS, AND FILING 




C 



45.233 

Figure 5-9. — Dime trie projection of a cube, 
showing another practical dlmetric axis. 



drawing OC vertical; then drawing OA from 0 at 
7° 10 v to the horizontal and OB from 0 at 41° 25 1 
to the horizontal* For this axis the foreshortening 
ratio is 1/2 for OB to 1 for OA and OC. 

Trimetric Projection 

In a trimetric projection the cube is inclined 
so that all three pairs of surfaces make dif- 
ferent angles with the plane of projection. Figure 
5-11 shows a trimetric projection of a cube. 
Because the foreshortening is different for each 
of the three pairs of surfaces, three different 
scales are required to scale down for fore* 
shortening; hence the term n trimetric, M mean- 
ing: "three-measure. 1 ' 



MULTIVIEW ORTHOGRAPHIC 
PROJECTION 

In a full-scale isometric drawing or cavalier 
projection, isometric or regular lines appear in 
their true dimensions. However, a cavalier pro- 
jection shows many of the angles between regular 
lines incorrectly, and an isometric drawing shows 
all angles between isometric lines incorrectly. 
Furthermore, lines which are not isometric or 
regular lines are all projected incorrectly. 
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Figure 5-10. — Practical dlmetric axis for cube 
placed in different alignment. 
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Figure 5-11, — Trimetric projection of a cube. 



For this and other reasons, most technical 
drawings are made by " multiplane 1 1 or "multi- 
view" orthographic projection, rather than by 
cavalier projection or isometric drawing. In 
multiview orthographic projection an object, as 
it appears on all sides and in top and bottom 
views, is *hown by the use of more than a single 
plane of projection. A surf ace parallel to the plane 
of projection appears in its true dimensions, 
and any lines or angles on the surface likewise 
appear true. 

In short: of all the systems of projection com- 
monly used for technical drawings, multiview 
orthographic projection is the one which is capable 
of projecting an object with the greatest complete- 
ness and accuracy. 
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MULTIV1EW PLANES 
OF PROJECTION 

Figure 5-12 shows the three principal multi- 
view planes of projection: the vertical plane, 
the horizontal plane, and the profile plane. Each 
plane is perpendicular to the planes it Intersects, 
The right angles formed by the intersection of 
the vertical and horizontal planes are called the 
first, second, third, and fourth angles, located 
as indicated in the figure. 

FIRST-ANGLE PROJECTION 

The object to be projected could be considered 
to be placed in any one of the four angles men- 
tioned. Second- angle and fourth-angle projections 
are not generally used. First-angle projection is 
used in most European countries. 

Figure 5*13 shows the presumed position of 
a cube for first-angle projection. The front of 
the cube is toward the vertical plane of projection, 
the left side toward the profile plane. You get 
a front view on the vertical plane, a left-side 
view on the profile plane, and a top view on the 
horizontal plane. 

To get all these views into the same plane, 
it is assumed that the horizontal plane is rotated 
clockwise and the profile plane counterclockwise. 
The projection then appears as shown in figure 
5-14. This arrangement, which is considered 
satisfactory in Europe, is considered illogical 
in the U.S., because the top view is below the 
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Figure 5-13. — First-angle projection. 



front view; because the left side view is toward 
the right side shown in the front view; and because 
the top view is toward the bottom as shown in 
the front view. 

THIRD-ANGLE PROJECTION 

Third-angle projection, which is commonly 
used in the U.S., is shown in figure 5-15. As 
you can see, you get a front view on the vertical 
plane, a top view on the horizontal plane, and 
a right side view on the profile plane. 

Figure 5-16 shows a wedge projected in a 
third-angle projection. The projected views were 
brought into a single plane. As you can * e Mt* 
views are properly oriented in their n^^al 
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Figure 5-14. — First-angle projection brought 
into a single plane. 



planes. CD represents the joint between these 
and the profile plane. 

Any one of the three views could be drawn 
first, and the other two projected from it. Assume 
that the front view is drawn first, on the basis 
of the given dimensions of the front face. You 
can then project the top view upward by vertical 
projectors, and the right side view to the right 
by horizontal projectors. The horizontal pro- 
jectors from the top view, or the vertical pro- 
jectors from the right side view, can be carried 
around from CD to AB, or from AB to CD, by 
a compass with needlepoint set at 0. Many drafts- 
men, however, prefer to carry the projectors 
around by one of the methods illustrated in figure 
5-18. 

ARRANGEMENT OF VIEWS 



positions: the top view appearing above the front 
view and the right side view appearing to the right 
of the front view, with the front view serving as 
the point of reference. 

Figure 5-17 illustrates the method by which 
a third-angle projection is actually made. The 
horizontal line AB and the vertical line CD, 
intersecting at 0, are drawn first. AB represents 
the Joint between the horizontal and the vertical 



The projection illustrated in figure 5-18 is 
a three-view orthographic projection, showing 
three faces of the block appearing as an oblique 
drawing in the top portion of the illustration. The 
block has six standard faces and a slanting face, 
A. Now let us assume that we replaced the cube 
shown In figure 5-15 with this block. 

In theory, for a third-angle projection, there 
would still be only three planes of projection, 




45.239 

Figure 5-15. — Third-angle projection of a cube. 
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Figure 5-16. — Third-angle projection of a wedge 
shown in a single plane. 



but for a back view (for example), the vertical 
plane would be presumed to be moved to a posi- 
tion between the observer and the back face of 
the block. Actually, this is the equivalent of 
assuming that there are six planes of projection, 
one between the observer and the object for each 
face of the block. For the moment, let us forget 
about the orthographic projection of the slanting 
face; this will be explained later in this chapter. 

If only the front, top, and right side views 
are shown, the standard arrangement of views is 
as shown in parts A and B of figure 5-18, which 
is also the same as the arrangement of views 
shown in figures 5-16 and 5-17. If the left side, 
the bottom, and the back views of the block are 
shown as well, the standard arrangement of views 
will be as shown in figure 5 -19. 

In architectural drawings a top view is called 
a "plan" and a front, back, or side view an 
"elevation. M A top view of a house, for example, 
is a plan; a top view of the land around a structure 
is a "plot" or "site" plan. A "floor" plan shows 
the top view of a house as it would look if the 
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Figure 5-17.— Method of making a third-angle 
projection. 



part of the bouse above the particular floor were 
cut away. 

A front view of a house is a 'front elevation, " 
a back view is a "rear elevation," and a right 
side view is a "right side elevation." The terms, 
"plan M and "elevation, " apply principally to 
architectural drawings, but they may also be 
applied to drawings of other than architectural 
objects. 

VIEW ANALYSIS 

You must be able to analyze a mulUNtew 
projection — meaning, to determine what each line 
in a particular view represents with regard to 
the original object. In this connection, it is help- 
ful to remember that in a third-angle projection 
the plane of projection is always presumed to be 
between the observer and the object for any 
view of the object. This means that, in a third- 
angle projection, each view of a surface shows 
the surface as it would appear to an observer 
looking directly at it. 

Figure 5-20 shows a six-view multiview 
third-angle projection of the block which is 
shown in cabinet projection in the uppe^Jeft 
corner of the figure. You can easily anaiy^Pne 



130 

359 



Chapter 5 — DRAFTING: PROJECTIONS, REPRODUCTIONS, AND FILING 




RIGHT 
SIDE 



TOP vttvr/ 
























0 








FRONT VlEW^ 








RIGHT 








SIDE 



45,242(45B) 

Figure 5-18. — Alternate methods of extending top 
view projectors. 



front view; you know that the top is up, the 
bottom is down, the left side is to YOUR left 
(NOT to the objects left), and the right side to 
your right. 

It's also easy to see that in the top and bottom 
views the right-hand vertical line represents 
the right side and the left-hand vertical line the 
left side. But you may have to think a minute to 
realize that the upper horizontal line in the top 
view represents the BACK face of the block, 
while the lower horizontal line in the top view 
represents the FRONT face of the block. Note, 
also, that there is a line which appears as a 
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Figure 5-19, — American standard arrangement 
of views (six views); multlview third- angle 
projections. 



visible line in the top view but as a hidden line 
in the bottom view. 

In the right side and left side views you can 
readily see that the upper horizontal line repre- 
sents the top of the block and the lower horizontal 
line the bottom. But you may have to think a 
minute to realize that the left-hand vertical line 
in the right side view represents the FRONT face 
of the block, while the left-hand vertical line in 
the left side view represents the BACK face. And 
again, there is a dotted line which appears as an 
invisible line or hidden line in the right side 
view, but as a visible line in the left side view. 

In the back view the block is shown reversed, 
so that the cutaway part which appears to the 
left in the front view appears to the right in the 
back view. Similarly, the right-hand vertical 
line In the front view represents the right side 
of the block, but the corresponding line in the 
back view represents the left side. 

In third-angle projection view analysis It is 
helpful to remember that in a top, bottom, or 
side view the line which represents the front 
face is the line which is toward the front view. 
Similarly, in a back view the line which repre- 
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Figure 5-20. — Multlvlew analysis. 



three-view pr ojeotion, showing top, front, and 
right side views, is required. 

It is often the case that only a twovtaw 
projection is required. In figure 6-21 ******* 
shows everything yon need to know except the 
thickness; a right side view shows everythingyott 
need to know except the length; and a frost view 
shows everything you need to know except the 
width. AU you need to do, then, is selsot one 
riew end oouple it with another which shows 
the information missii* in the first one. 

Ttaere arc Ores possible two-view combina- 
tions which convoy oomplete Intonation, as 
shown in A, B, and C (fig. 5-21). In the sslsotidb 
of one of these, everything else being sepal, 
the balanosd appearance of the drawing would 
be the deriding factor. Either A or B sppsars 
better balanced than C. As between A and B, 
A would look bettor on a long oblong shset of 
paper and B bettor on a shorter oblong sheet. 

The object shown in figure 6-21 has a definitely 
designated top and front, which means that the 
right and left sides are also definitely designated. 
This is the case with many objects— with k 
house, for example, you have no choice as to 



sentfl the left side face is toward the right side 
view, 

CHOICE OF VIEWS 

A multiview projection should contain only 
the mi nimum number of views required for com- 
plete description of the object. If you refer back 
to figure 5-20 you will see that the back view 
does not convey any information which is not 
available in the front view. The back view is 
therefore superfluous and should be omitted. 
The same applies to the bottom view, which 
conveys no information which is not available 
in the top view; and to the left side view, which 
conveys no information not available in the right 
side view. 

You have the choice, then, of omitting either 
the back view or bottom view, and either the 
right side or left side view. There is a general 
rule that a top view has priority over a bottom 
view and a right side view over a left side view; 
however, if the left side view will give more 
information, it must be used instead of the right 
side view. A view with a visible line is preferable 
to a view in which the same line appears as a 
hidden line. Generally, in practice, the bottom 
and left side views are seldom used. Only a 
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Figure 5-21. — Two-view multiview project! 
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which surface shall be called the top. Many 
objects, however, have no definite top, bottom, 
front, or back— many types of machine parte, 
for example. With an object of this kind you can 
select a surface and call it the front, top, right 
side, and so on, according to convenience. 

However, there is a general rule that an 
object should be shown in the position it custom* 
arily occupies. Suppose that the object shown In 
figure 5-21 is a floor board. Then the top would 
be as indicated In the figure. If it were a wall 
board, however, one of the long narrow edges 
would be the top and one of the broad faces the 
front. 

SPACING VIEWS 

Views should be spaced on the paper so as 
to give a balanced appearance. Figure 5-22 
shows two-view drawings properly spaced on 
size A (8-1/2 in. x llin.),si*eC (17 in. x 22 In.), 
or size E (34 in. x 44 in.) drawing paper. Mar- 
ginal distances should be equal as indicated. 
Distance B should be equal to, or slightly less 
than, distance A. 

A convenient way to determine the length of 
distance A in the upper drawing shown in figure 
5-22 is as follows. Set a compass to the length 
plus the thickness of the object (to the scale of 
the drawing, of course), and lay off this distance 
from the end of one of the horizontal margins 
of the drawing. Distance A should be made equal 
to one-third of the length of the remaining 
segment of the horizontal margin. 

To determine the length of distance C in 
the same drawing, set a compass to the width 
of the object and lay off this distance from the 
end of one of the vertical margins. Distance C 
should be made equal to one- half the length of 
the remaining segment of margin. 

Proper spacing of a three-view drawing is 
shown in figure 5-23. As you can see, the 
principle is the same as that applied in spacing 
a two-view drawing. Distances are again equal 
as indicated, with distance B equal to, or slightly 
less than, distance A, and distance D equal to, 
or slightly less than, distance C. 

While the spacing of views in figure 5-23 is 
technically correct, the dra<ving has an un- 
balanced appearance, because of the large area 
of empty space in the upper right and because 
the right side view crowds the title block. How- 
ever, if the area of empty space will be occupied 
by a sizeable bill of materials, the present 
spacing will be satisfactory. If not, it should be 
improved if possible. 
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Figure 5-22. — Proper spacing of views on a two- 
view projection. 



If the object is one which permits arbitrary 
designation of surfaces as front, top, right side, 
and so on, the spacing can be improved by changing 
the surface designations and projecting the object 
as shown in figure 5-24. What appears as the top 
in figure 5-23 now appears as the front, and the 
front of figure 5-23 appears as the bottom in 
figure 5-24. The right side view now appears 
in the upper rather than in the lower right corner, 
and vertically rather than horizontally. 

Spacing views in a drawing of a circular object 
is like spacing letters, in that you try to equalize 
the 8 paces around and between the views. Figure 
5-25 shows properly spaced two-view drawings 
of a perforated disk. For the arrangement in 
horizontal line you locate the horizontal center- 
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Figure 5-23. — Proper spacing of views on a 
three-view projection. 
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Figure 5-24. — Improved spacing for three-view 
projection of object shown in figure 5-23. 
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Figure 5-25.— Spacing of views of a circular 
object. 

marked 2/3 A appear about equal to the spaces 
marked A. 

To determine actual distances A and 2/3 A, 
set a compass to the diameter plus the thickness 
of the disk, and lay off this distance from the 
end of a horizontal margin for the upper drawing, 
or from the end of a vertical margin for the 
lower drawing. Then divide the remainder of 
the margin into three intervals, two of them 
equal and the third, 1-1/2 times as long as each 
of the others. The third interval equals A; each 
of the others equals 2/3 A. 



line midway between the horizontal margins. 
For the arrangement in vertical line you have 
to consider the diameter and the thickness of 
proportional measurements from the vertical 
margins or along or. of the horizontal margins. 
The other spacing is as indicated. Because of 
the circular character of the object, the spaces 



HIDDEN LINE TECHNIQUES 

To prevent confusion in the interpretation of 
hidden lines, certain standard techniques mustbe 
applied in drawing these lines . A hidden line uJMh 
is supposed to Join a visible or another hiwh 
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line must actually contact the line aa shown in 
the upper views of figure 5*26. Incorrect pro* 
cedures are shown in the lower views. 

Figure 5*27 shows an intersection between 
a hidden line and a visible line. Obviously, on the 
object itself the hidden line must be below the 
visible line. You indicate this fact by drawing 
the hidden line as shown in the upper view at 
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Figure 5-26,— Correct and incorrect procedures 
for drawing adjoining hidden lines. 



figure 5-27. If you drew it as indicated in the 
lower view, the hidden line would appear to be 
above, rather than below, the visible line. 

Figure 5-28 shows an intersection between 
two hidden lines, one of which is beneath the 
other on the object itself. You Indicate this fact 
by drawing the lines as indicated in the upper 
view of figure 5-28. If you drew them as indicated 
in the lower view, the lower line would appear 
to be uppermost. 

NUMBERING CORNER 
POINTS 

A point which constitutes a corner on an object 
is sometimes numbered for purposes of identifi- 
cation in various views of the object. In a 
particular view of an object, a oorner point may 
be visible or it may be hidden, as shown in 
figure 5-29. In the upper left corner of the figure 
there is an oblique projection of a block, with 
a corner numbered 2. You can see that this 
corner is visible in top, back, and right side 
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Figure 5-27. — Correct and Incorrect procedures 
for drawing hidden line which intersects 
visible line. 
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Figure 5-28. — Correct and incorrect procedures 
for drawing intersecting hidden lines which 
are on different levels. 
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Figure 5-29.— Procedure for numbering hidden 
and visible corner points. 

views, but hidden in bottom, front, and left side 
views. 

The rule for numbering is that for a hidden 
corner point the number is placed within the 
outline, and for a visible corner point outside 
the outline. You can see how the rule has been 
followed In figure 5-29. 

NORMAL AND NON-NORMAL 
LINES 

In a multiview orthographic projection a 
NORMAL line is one which is parallel to two 
of the planes of projection and perpendicular 
to the third. A line which is parallel to a plane 
of projection will appear on that plane in its 
true length (to the scale of the drawing) . A line 
which is perpendicular to a plane of projection 
will appear or. that plane as a point. 

A line which is perpendicular to one plane 
of projection must of necessity be parallel to the 
other two. But a line which Is parallel to one 
plane of projection may be oblique (neither parallel 
nor perpendicular) to one or both of the others. 
A line which is oblique to one or more of the 
planes of projection is called a NON-NORMAL 
LINE. 

If a non-normal line is parallel to a plane of 
projection, it will appear on that plane in its 
true length. However, it will appear foreshortened 



in a new on a plane to which it la oblique. A 
non-normal line may, of oourse, be oblique to 
all three planes of projection, in which ease it 
will appear foreshortened In all regular views 
of tha object. A REGULAR VIEW is aview on one 
of the three regular planes of projection (hori- 
sootaL vertical, or profile). Views on £mbm 
other than the regular planes are called AUXILI- 
ARY VIEWS (see later). 

?n the upper left corner of figure 5-30 there 
is an oblique projection of a blc^ThU block 
la presumed to be placed for muttmew projection 
with front parallel to the vertical ptoni. bottom 
parallel to the horizontal pleat, and right stts 
parallel to the profile plans. The line AB, thee, 
is parallel to the vertical plane, but oblique to 
both the horiaontal and the profile planes. 

In the multiview projections you oaa see that 
it la only In the views on the vertical plane (the 
front and back views) that the line AB appears 
to its true length. In the views on the horisontal 
plane (top and bottom views) and in the views 
on the profile plans (right ssd toft ai de views) 
the line appears foreehortoned. Note, however, 
that you don't need to calculate toe amount of the 
foreshortening, since it works Itself out as you 
project the various views. A 
In the upper left of figure 5-31 there 19 
oblique projection of a triangular block, the base 
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Figure 5-30.— Foreshortening of a line ^ka 
multiview projection. 
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Figure 5-31. — A Use oblique to all planet of pro- 
jection is foreshorten, d in a 1 ' views. 



of which is rectangular. This block is presumed 
to be placed for multiview projection with right 
side parallel to the profile plane. The line AB, 
then, is oblique to all three regular planes of 

protection. 

The true length yt AB is the hypotenuse of 
the slanting right triangle ABC, vTtth its altitude 
equal to BC and its base equal to AC. You can 
see that AB is foreshortened in all regular multi- 
view views, 

CIRCLES IN MULTIVIEW 
ORTHOGRAPHIC PROJECTION 

A circle on a surface which is parallel to the 
plane of projection will project «s a circle. One 
on a surface which is oblique to the plane of 
projection, however, will project as an ell nee, 
as Jhown in figure 5-32. The upper view iii this 
jure is a top view of a wedge, the wedge having 
a hole bored through it perpendicular to the 
inclined face. The outline of this hole on the 
front face of the wedge projects as an ellipse 
in the front view. You get the minor axis of the 
ellipee by projt^tin^ downward as shown. The 
length of the major axis id equal to the diameter 
of the hole. 

There i', another ellipse in the front view: 
the partly hidden and partly visible outline of the 
hole as it emerges through the back of the wedge. 
The back of the wedge is parallel to the front 
view plane of projection; therefore, this ellipse 
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Figure 5-32,— A circle on a surface oblique to 
the plane of projection projects as an ellipse. 

is the true outline of the hole on the back of the 
wedge. The outline is elliptical because the hole, 
though it is circular, is bored oblique to the back 
face of the wedge. 

To draw these ellipses you could use any of 
the methods of drawing an accurate ellipse ex- 
plained in the previous chapter on geometric 
construction. However, in a case of this kind an 
approximate ellipse, which can be quickly and 
easily drawn with a compass, is usually satis- 
factory. 

A method of drawing an approximate ellipse 
on given major and minor txes is shown in figure 
5-33. Set a compass to the length of AO, and with 
0 as a center strike an arc intersecting OC (ex- 
tended) at E Draw AC, set the compass to the 
length of CE, and with C as a center strike an 
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Figure 5-33. — Method of drawing an approximate 
ellipse with a compass. 



arc intersecting AC at F. Bisect line AF and draw 
a perpendicular bisector from AF, Intersecting 
AO ai G and OD at H. Lay off OJ equal to GO 
and OL equal to OH. With H as a center, draw a 
ciroular arc through C t and with L as a center 
draw a Circular arc through D. With G as a 
-enter, draw a ciroular arc through A, and with 
as a oenter draw a ciroular arc through B. 
These arcs will connect to form an approximate 
ellipse. 

AUXILIARY VIEWS 

In theory, there are only three "regular" 
planes of projection: the vertical, the horizontal, 
and the profile. Actually, it is presumed that each 
of these is, as it were, double; there is, for 
example, one vertical plane for a front view and 
another for a back view. 

We assume, then, a total <xf six regular planes 
of projection. A projection wn any one of the six 
is a regular view. A projection NOT on one of 
the regular six is an AUXILIARY view. 

The basic rule of dimensioning requires that 
a line be dimensioned only in the view where 
its true length is projected and that a plane 
with its details be dimensioned only in the view 
where its true shape is represented. In order to 
satisfy this rule, we have to create an imaginary 
plane that is parallel with the line or surface 
we want to project in its true shape. A plane of 
this kind— which is not one of the regular planes- 
is called an AUXILIARY PLANE. 



Figure 5-34 illustrates the nc. thod of pro- 
jecting an auxiliary view. In the upper left of the 
figure there is a block with a triangular inclined 
face. It is desired to project a Ttew of this 
Inclined face which will show the face In its 
true dimensions. The inclined face is ofattqps 
to all the regular planes of projection; therefore, 
It must he projected onto an auxiliary plane* 

First you select a regular view in which the 
inclined faoe appears as a straight Mas, ft so 
appears in the regular front view as represented 
by AS, Draw the H auxiliary pleas and reference 
plane" ttae parallel to the straight line repre- 
sentation of the inclined faoe (that Is, peraUel 
to the line AB in the front view). The line marked 
"auxiliary plane and frontal r efer en c e plane 19 
represents an edge-view of the auxiliary pUne 
of protection. In theory the auxiliary projection 
is mads on this plans and then rotated into the 
plans of the paper. In this case the line marked 
"auxiliary plane and frontal reference plane" 
also represents an edge view of the reference 
plane from which the width of the auxiliary 
view will be laid off • 

As you can see in figure 5-34, the left side 
auxiliary view was projected from the front new 
using a frontal reference plane, and the bnoks^ 
auxiliary view was taken from As right sldeiw 
usixg a profile reference plane. The following 
facts must be considered in the drawing of 
auxiliary views: 

1. FRONT OR REAR AUXILIARY VIEW S are 
always projected arom a side view. The viewing 
direction is profile, and the reference is the 
profile plane. It will show the true width of the 
object. For a simpler interpretation of auxiliary 
prr**otion, it Is good practice to orient their 
rea t : ^*~e edges or sides in their natural posi- 
tions, as for example, the positions of skies AB 
and BD in figure 5-34. 

2. RIGHT OR LEFT AUXILIARY VIEWS are 
always projected from the front view. The view- 
lug direction is frontal and the reference plane 
is frontal. The projection will show the true 
depth of the object. The front edge of the object 
is always drawn nearest to the front view. 

3. AN ELEVATION AUXILIARY VIEW Is 
always projected from the top view, the viewing 
direction will be horizontal And the plane of 
reference is horizontal. The projection will show 
the true height of the object. The top edge of the 
object will always be nearest the top view. 

In figure 5-34, the auxiliary plane line^kl 
the reference plane line coincide. This is^Bt 
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Figure 5-34. — Projecting auxiliary views. 



necessarily the case, however. You might find 
ti more convenient to locate the reference plane 
line as it is placed in the upper or the lower 
projection of figure 5-35. Both projections illus- 
trated in figure 5*35 are the left side auxiliary 
projections taken from the front view shown in 
figure 5-34. In both of these projections the 
auxiliary plane is still presumed to be between 
the front view and the auxiliary view. 

As mentioned earlier, the purpose of an 
auxiliary view in a drawing is to project non- 
normal lines or surfaces (those oblique to the 
regular plane of projection) in their true dimen- 
sions. However, there are cases where an auxili- 
ary view may be desired to simply show how an 
object looks from a given angle of observation; 
in such a case, dimension Is of secondary im- 
portance. 

In the upper left corner of figure 5-36, there 
is an oblique projection of an L- shaped block. 
Ordinarily, this is considered a regular re- 
shaped object that requires a regular plane of 
projection; however, if one desires to take an 
auxiliary view as it would appear from the angle 
of observation indicated by the arrow, the auxili- 



ary plane of projection in this case is, of course, 
perpendicular to the arrow. 

DOUBLE AUXILIARY VIEWS 

To show the inclined face of the block illus - 
trated in figure 5734 in its true dimensions, only 
a single auxiliary view was necessary. The reason 
was the fact that there was a regular view (the 
front view) in which the back surface appeared 
as a straight line. 

When this is not the case, a PRIMARY auxi- 
liary, in which the surface in question appears 
as a straight line, must be projected first. Then 
a SECONDARY auxiliary, in which the surface 
appears in its true dimensions, must be pro- 
jected from the primary auxiliary. 

In the upper left of figure 5-37 there is an 
oblique projection of a block. The surface marked 
A is oblique to all three regular planes of 
projection, which means that there is no regular 
view in which the surface will appear as a straight 
line. 
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Figure 5-35.— Alternate locations of reference 
plane line. 



To construct the primary auxiliary you must 
project the block onto a plane which is perpendicu- 
lar to surface A, because it is only on such a 
plane that surface A will appear as a straight 

line. 

The line XX shown on the front view (fig. 
5-37) is perpendicular to the line 1-3; it is there- 
fore an edge view of a plane perpendicular to 
surface A. If you project the front view onto an 
auxiliary plane parallel to XX, you get a primary 
auxiliary view in which surface A appears as a 
straight line (edge 3-2 is seen In this case). 

If you project the primary auxiliary view (fig. 
5-37) onto a plane parallel to surface A in that 
view, you get a secondary auxiliary view in which 
surface A appears in its true dimensions. You 
can see that the referenoe plane line X'X 1 in 
the secondary auxiliary view is parallel to surface 
A as it appears in the primary view. You project 
the secondary view from the primary view by 
projectors drawn perpendicular to X'X 1 . You 
locate points on these projectors above and below 
X'X* by measuring the corresponding distances 
above and below XX in the front view from which 
the primary view was projected. 




FRONT 
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if 

Figure 5-36. -Auxiliary view showing objeorti 
seen from a particular angle of observation. 



TRUE LENGTH OF A LINE 
FROM PARTIAL AUXILIARY VIEW 

A non-normal line appears foreshortened in 
all regular multiview views. The true length of 
suoh a line can be determined by means of a 
partial auxiliary view, one which shows the line 
as it would appear on a plane of projection to 
which it is parallel. 

In the upper left corner of figure 5-38 there 
is an oblique projection of a triangular block. 
The line AB is shown in its true length in the 
small right triangle to the right. In the regular 
multiview projections shown below (top view and 
front view), AB appears foreshortened. 

In the front view, AB appears as a straight 
line. You can determine the true length of A B by 
projecting it onto the parallel plane X'X\ as 
shown. X'X 1 is also a reference plaiie line, corre- 
sponding to XX in the top view. Point B in the 
partial auxiliary view is located on the projector 
from B in the front view, at a distance from^C 1 
equal to the distance from B to XX in t^p>p 
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Figure 5-37.— Double, or primary and secondary 
auxiliary views. 



view. AB appears in its true length in the partial 
auxiliary view. 

AUXILIARY SECTION 

An auxiliary view may be a sectional rather 
than a surface view. In the upper left of figure 
5-39 there is a cabinet projection of a block. It 
is desired to show the right side of the block as 
it would appear if the block were cut away on 
the plane indicated by the dotted line, the angle 
of observation to be perpendicular to this plane. 
The desired view of the right side is shown in 
the auxiliary section, which is projected from 
a front view as shown. Because the auxiliary 
plane of projection is parallel to the cut away 
surfaces, these surfaces appear in true dimen- 
sions in the auxiliary section. 

REVOLUTIONS 

A regular multi Mew of an orchographic draw- 
ing is one which is projected on one of the regular 
planes of projection. An auxiliary view is one 




Figure 5-38. — Projecting a partial auxiliary new 
to get the true length of a line. 



which is projected on a plane other than one of the 
regular planes. 

A rectangular object is in "normal position" 
for regular multiview orthographic projection 
when each of its faces is parallel to one regular 
plane of projection and perpendicular to the other 
two. This is ths case with the object shown in 
figure 5-40, view A. 

In a REVOLUTION the object is projected on 
one or more of the regular planes of projection. 
However, instead of being placed in normal posi- 
tion, the object is "revolved 1 1 on an axis per- 
pendicular to one of the regular planes. 

Figure 5-40, view B is a three-view multi- 
view projection showing the block in view A of 
figure 5-40 as it would appear if it were revolved 
30° on an axis perpendicular to the profile plane 
of projection. Figure 5-41, view A shows the 
block as it would appear if it were revolved 30° 
on an axis perpendicular to the horizontal plane. 
Figure 5-41, view B shows the block as it would 
appear if it were revolved 30° on an axis perpen- 
dicular to the vertical plane. 

REVOLVED SECTIONS 

A common use of the revolution is the re- 
volved section illustrated in figure 5-42. At the 
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top of this figure there is a cabinet projection 
of a triangular block. You can show all required 
information about this block in two-view projec- 
tion by including a revolved section in the front 
view as shown. You first assume that the block 
is cut by a plane perpendicular to the longitudinal 
axis. You then revolve the resulting section 90 c 
on an axis perpendicular to the horizontal plane 
of projection. 

SECTIONING TECHNIQUES 

A section view is called for when the internal 
structure of an object can be better shown in 
such a view than it can by hidden lines. In the 
upper part of figure 5-43 there is a cabinet 
projection of a pulley. The same object is shown 
below in a two-view multiview projection. The 
internal structure of the pulley is shown by the 
hidden lines in the top view. 

In figure 5-44 the internal structure of the 
pulley is much more clearly shown by a section 
view. Note that hidden lines behind the plane of 
projection of the section are omitted in the 
section view. T\ese lines are omitted by general 
custom, the custom being based on the fact that 
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Figure 5-40. — (A) Multiview view of block in 
normal position. (B) Multiview view of block 
revolved 30* on axis perpendicular to vertical 
plane. 

the elimination of hidden lines is the fundamental 
reason for making a section view. However, any 
lines which would be VISIBLE behind the section 
plane of projection must be included in the section 
view. 

Full and Half Sections 

The section shown in figure 5-44 is called a 
full section, because the cutting plane passes 
entirely through the object and divides it into 
two equal parts. Also, the object shown in figure 
5-44 is a symmetrical object — meaning, in 
eral, that the shape of one half is identici 
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Figure 5-42, — Revolved section A -A. 
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r . R A . , AX _ . . ji* part. For this reason a partial section is often 

Figure 5-41. — (A) Revolution on axis perpendicu- . . . AJ *^ 

55 ^ called a broken section. 



lar to horizontal plane. (B) Revolution on 
axis perpendicular to vertical plane. 



Section Lining Techniques 



the shape of the other. This being the case, you 
could have used a half section like the one shown 
in figure 5-45. This half section constitutes one- 
half of the full section. Because the other half 
of the full section would be identical with the half 
shown, it need not be drawn. 

Note that a centerline, rather than a visible 
line, is used to indicate the division between the 
sectioned and the unsectioned part of the section 
view. A visible line would imply a line which is 
actually nonexistent on the object. Another term 
used in place of centerline is M lineof symmetry." 

Partial or Broken Section 



The lines drawn on a sectional surface always 
serve the basic purpose of indicating the limits 
of the sectional or cut-away surface. They may 
also serve to indicate the material of which the 
sectioned surface consists, as explained in the 
previous chapter. 

When the section lines are intended to indi- 
cate material, cast iron is indicated by a pattern 
of slanting, parallel lines called diagonal hatching. 
On drawings on which the section lines are not 
intended to indicate material, diagonal hatching 
is used for all sectioned surfaces. 

Angle of Diagonal Hatching 



A section consisting of less than a half section 
is called a partial section (see fig. 5-46). Note 
that here you use a break line to indicate the 
division between the sectioned and unsectioned 



On a regular multiview section on an object 
in normal position the diagonal hatching should 
be drawn at 45° to the horizontal, as suown in 
figure 5-47, view A. If two adjacent sectioned 
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Figure 5-44.— Internal structure more clearly \ 
shown by sectional riew. 
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Figure 5-43. — Internal structure shown by hidden 
lines. 



surfaces are shown, the hatching should be in- 
clined in opposite directions as shown in figure 
5-47, view B. U still a third surface is included, 
it should be hatched at an angle of 30* , as shown 
in figure 5-47, view C. Note that the hatching 
lines on one surface are not permitted U. meet 
those on an adjacent surface. 

Diagonal hatching on an auxiliary section 
should be drawn at 45° to the horizontal, as the 
horizontal exists with respect to the section. 
Figure 5-48 illustrates this rule. 

In a revolution or other view of an object in 
other than normal position the diagonal hatching 
on a section should be drawn at 45° to the hori- 
zontal or vertical axis of the object as it 
appears in the revolution. Figure 5-49 illustrates 
this rule. 
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Figure 5-45. — Half section. 

ISOMETRIC DRAWING TECHNIQUES 

EarUer in this chapter, we discussed the 
theory of isometric projection and isometric 
drawing. As you have learned the principle of 
isometric projection is employed in isometric 
drawing, with one important difference: the fore- 
shortening effects of lines of the ob ject^ in 
isometric projection are disregarded in isoq^kic 
drawing. The following paragraphs will dl^ss 
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method of drawing an approximate ellipse will 
work only when the conjugate diameters are 
equal in length. 

PERSPECTIVE DRAWING 

Perspective drawings are one-view drawings 
constructed by perspective projection. While 
they do not show the object in its true shape and 
dimensions, they do show how the object would 
look naturally to an observer, and as a con- 
sequence, they are easier to comprehend at a 
glance than drawings made according to ortho- 
graphic projection. For this reason, perspective 
projection is often used for exploded views of 
objects to show all the different parts and their 
relationship to each other. Oblique drawings 
could suffice for the same purpose; however, 
perspective drawings are more presentable in 
appearance. Perspective projection is generally 
used for architectural renderings of proposed 
structures (especially residential houses) to show 
how the structures will look when they are com- 
pleted. This perspective will also depict how a 
proposed structure will blend-in ith the existing 
environment. 

These architectural renderings are generally 
referred to in the Seabees as "Presentation 
Drawings." The preparation of a presentation 
drawing requires special skills. 

Perspective projection drawings requiring 
very accurate projection are usually done by work- 
ing from orthographic views of the object. For 
purposes of illustration, however, this type of 
painstaking projection is not necessary. Many 
illustrators do not use the methods of perspec- 
tive projection at all, making their perspective 
drawing? by approximating the positions of various 
planes. Bat, unless you are a very keen observer 
and have had considerable practice in the art, 
you are likely to commit some rather ridiculous 
errors if you try to draw perspective illustrations 
by guesswork alone. A few simple rules and a 
few pains taken in constructing a scene or an 
object will help you make a better drawing. In 
the following sections we will discuss some of 
the techniques used in perspective projection; 
however, for an intensive study of the subject, 
you should consult one of the various textbooks 
on drafting that treats perspective drawing quite 
thoroughly. 

ONE-POINT PERSPECTIVE 

Figure 5-54 is a one-point perspective pro- 
jection of a cube from a top and side view in 



orthographic projection. The technical terms 
which will be used in discussing perspective 
projection are given in the figure. 

Notice that the PICTURE PLANE (PP) be- 
comes a line in the top and side orthographic 
views. Projectors from the corners of the top 
view are drawn converging toward the STATION 
POINT (SP), but, from the points where the pro- 
jectors or visual rays pierce the picture plane, 
parallel projectors are drawn down to the per- 
spective view. 

The station point far the side view is actually 
the same station point as that shown for the top 
view. It ls t therefore, the SAME HORIZONTAL 
DISTANCE from the cube, but its elevation shows 
the height of the station point above the level of 
the cube. The picture plane in the side view is 
also the SAME DISTANCE from the cubs as in 
the top view, and the ground line in this view, 
on which the picture plane rests, DEFINES the 
ground line of the picture plane in the perspective 
drawing. 

From the side view, projectors drawn 
converging to the station point, and at their 
piercing points on the picture plane, parallel 
horizontal projectors are drawn to the plane of 
the perspective drawing. The projectors from the 
top view are also made in the same manner, 
and vertical parallel projectors are drawn from 
the piercing point in the picture plane to the 
picture plane of the perspective drawing. The 
intersection point of a projector from a corner of 
the cube in the top view with the projector from 
the same corner in the side view locates the corner 
in the perspective drawing. 

Notice that the center of vision in this drawing 
is located directly above the station point in the 
perspective draving and on the same line with the 
station point for the elevation view {left side view 
in this case) of the cube. This line is the EYE 
LEVEL (EL) line, which is 'also the HORIZON 
line for the drawing. 

The center of vision defines the point at which 
all lines perpendicular to the picture plane in 
the perspective drawing converge. It also coin- 
cides with the vanishing point in one-point per- 
spective drawings. The fact that there is only 
ONE VANISHING POINT in this type of perspec- 
tive drawing gives it its name. It is also called 
PARALLEL PERSPECTIVE, because the front 
face c! the object is parallel to the picture plane. 

In parallel perspective drawings, the center 
of vision is not necessarily centered on the object. 
It may 'all to one side or the other as shown in 
figure 5-65. However, when the front face is 
parallel to the picture plane and the center of 
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Figure 5-64, — One-point perspective drawing obtained from orthographic views. 
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Figure 5-65. — Position of the station point at 
right or left of center In parallel perspective 
drawings. 



vision is at one side of the drawing, there will 
necessarily be some distortion. Actually, the 
drawing approaches that of an oblique projection 
and will not appear as a true perspective drawing. 
Notice that In order to make such a drawing, the 
object must be considered as resting with its 



front face against the picture plane. If this were 
not so, converging projection lines from the 
corners of the front face would alter its appear* 
ance so that it would no longer appear to be 
parallel with the picture plane. In fact, as you 
will see. it would then become a two-point, rather 
than a one-point, perspective drawing. 

TWO-POINT PERSPECTIVE 

Two-point perspective is the most commonly 
used method for making perspective drawings. 
In two-point or angular perspective, the object 
is considered as sitting at an angle to the picture 
plane. In the perspective drawing of such an 
object, there are two sets of horizontal edges 
converging toward two different vanishing points 
on the eye level or horizon line. The parallel 
lines which slope to the right will vanish at a 
point in the distance called the RIGHT VANISHING 
POINT (VPR), and those that slope to the left 
at a point called the LEFT VANISHING POINT 
(VPL). The two-point or angular perspective 
of a cube is shown in figure 5-66. In this 
the top orthographic view of the block was drawn 
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Figure 5-66. — Two-point or angular perspective. 



first. The position of the picture plane was then 
determined. 

When the corner of the object rests against 
the picture plane, the vertical line representing 
the corner in the perspective drawing will be full 
size. In one-view perspective, the front face is 
full size in the perspective drawing if it rests 
against the picture plane. In any perspective 
drawing, the comparative sizes will be reduced 
proportionately as the distance is increased be- 
tween the picture plane and the object. 

Once the picture plane was established, the 
station point for the top view in figure 5-66 was 
located approximately opposite the center of the 
block. The distance from the station point to the 
object should not be less than twice the width 
of the object. 

When this rule is neglected, a distorted appear- 
ance may result in the perspective drawing. 
There is a cone of about 30° in vhich the human 
eye sees clearly. For this reason, the angle 
formed by the lines of sight from the sides of the 
object to the station point should not exceed 30°. 
In no case, even when the perspective drawing 
depicts a panoramic scene, should it exceed 45°. 

Next, the picture plane for the side view was 
established. Then the side view was drawn. (Points 
may also be projected from the top view if 



necessary.) Remember that the picture plane in the 
side view or elevation is the same picture plane 
shown in the top view and, thus, it is the same 
horizontal distance from the object. 

The station point for the side view was locaUxi 
next. This station point is the same point seen 
in the top view and, therefore, it is the same 
horizontal distance from the object. However, its 
angle to the object can vary. This variation of 
the station point in the side view determines the 
height of the eye level or horizontal line. Note 
that the station point for the side view always 
falls on the horizon line. 

This horizon line is a very important one. If 
it is high, objects in the perspective view will 
appear as if they were viewed from a height. If 
it is low, objects will appear as if they were viewed 
from directly in front or below (see figure 
5-69). Generally, it is best to select a station 
point approximately the position from which a real 
observer might view the object. This method 
is usually used when architectural drawings are 
made in two-point perspective. However, two- 
point perspective may be drawn from the plan 
view of the object alone, without the elevation. 
When this is done, the vanishing points are first 
projected on the picture plane and then located 
on the horizon line. In order to do this, a line 
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parallel to one Mt of boriiootal lines in the top 
view is drawn from tt» station point to the line 
of the picture plane. The point at which thle line 
intersects tht picture plane Is then projected to 
the horlscn line to looate a new point, either VPL 
or VPR (see tiff. 5-67). 

When this method is carefully used, it will 
produce as much accuracy as the method illus- 
trated in figure 5-66. For example. In figure 5-68, 
the hozixon Una has been placed at the same level 
as the horizon Una In figure 5-66 and the cube is 
the same else so that the two methods can be 
oompered. In figure 6-66, the vanishing points 
were found after the drawing was completed, and 
it was net necessary that they be found at all* 
In figure 5-68, the vanishing points were found 
at the start, because they control the drawing. 

In figure 5*68, lines are drawn converging 
toward the station point from the corners of the 
block in the top view. From the points where 
these lines pierce the picture plane, verticals are 
dropped to give the apparent width of the block 
in the perspective view. Since an elevation Is not 
used, the various heights cannot be found directly. 
However, the bottom of the block may be located, 
as shown in figure 5-68, by drawing lines to the 
va nishing points from the point selected as the 
near corner. 



Now If the perspeotire height of any one verti- 
cal Una can be determined, the height of the other 
verticals can be found automatically. This Is 
easy to do when one edge of the object rests 
against the picture plane. This edge will then 
appear in its true height in the perspective view. 
If you have the dimension for this height In the 
orthographic projection, you can transfer that 
dimension directly to the perspective view. Lines 
drawn to the vanishing points from this top 
comer Will locate the top of the two stdss, and 
lines drawn to the vanishing points from the far 
oorners on these tides will complete the drawing 
of the block. 

When the front edge of the object does not reet 
against the picture plans, it is necessary to use 
some other dimension. Since the end of the block 
is square, it is possible to find the perspective 
length of a horizontal line and uee this dimension 
for the edge 1-5. This is dons by drawing a line 
parallel to the picture plane from 1, measuring 
a length of this Una equal to 1-3, and drawing a 
line converging on the station point to the picture 
plane from the end of this line. 

This length can then be transferred to the front 
edge of the perspective view and the view com- 
pleted as shown In figure 5-68. To check 
accuracy of this method, compare figure 5^p 
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Figure 5-67. - Locating vanishing points for two-point perspective drawn from the plan view. 
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Figure 5-68, — Two-point perspective drawing made without using an elevation of the object. 



with figure 5-66. You will find that, since the 
station point, horizon level, and bottom of the 
cube correspond, the two perspective views are 
similar. It is possible to make them correspond 
exactly. 

In figure 5-68, the bottom of the front edge 
of the block has been placed automatically at a 
certain point. Actually, it could have been placed 
on the vertical projection from the cube at any 
desired point. Thus, the perspective view may be 
drawn below the eye level, or it may be drawn 
at eye level or above it; the latter two views are 
shown in figure 5-69. 

However, if the object is placed too high above 
the eye level or too low below it, the effect will 
be one of distortion. A block drawn in these posi- 
tion will cease to look right, as shown In figure 
5-70. When the station point is too close to the 
object, there will be a similar distortion. The 
angle indicated in the figure should never be less 
than 90° and preferably not less than 100°. 

To overcome distortion such as that illustrated 
In figure 5-70, the station point may be moved 
further from the object, or the picture plane may 
be tilt 1 so that a third vanishing point is needed 
for the third set of parallel lines in the drawing. 

It is worth mentioning that, gridded media, in 
perspective or isometric grids, are available 



through commerlcal sources. These media will 
greatly facilitate your preparation of perspective 
or Isometric drawings If properly used. 



SKETCHING 

The term "sketching" can be variously de- 
fined, but to a draftsman it means principally the 
making of a graphic representation with lines 
drawn free-hand, rather than with lines In the 
drawing of which the pencil or pen Is guided by 
a straightedge, compass, french curve, or other 
mechanical device. 

Chapter 3 of Blueprint Reading and Sketching , 
NavPers 10077-C, is entitled "Technical Sketch- 
ing." That chapter contains about all you need 
to know on the subject. 



REPRODUCTION PROCESSES 

The original of the average technical drawing 
is carefully kept in a file, from which it is re- 
moved only to be revised or reproduced. The field 
supervisor or field worker gets a reproduction— 
that is, an exact copy, reproduced on cheap but 
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durable paper by the most economical reproduc- 
tion process available. 

Every one of the known reproduction proc- 
esses, and the advantages and disadvantages of 
each, is described in Drawings and Spec iflcatlODfl, 
NavDocks DM-6. This course can only briefly 



describe a few of the processes commonly used. 
Blueprinting is about the oldest but still the most 
commonly used. Next come Vandyke or brown- 
printing, black-and-white printing, ammoda- 
vapor printing, photostat printing, and 
printing. 
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BLUEPRINTING 

Blueprinting is done on paper which is chemi- 
cally pre treated in a way which makes it sensitive 
to light. An original drawing in ink or semi- 
transparent paper or cloth, or an inked tracing 
on the same, is placed with back against the 
sensitized face of the blueprint paper. When a 
strong light is turned on the paper, the areas which 
are not protected by ink lines on the drawing are 
chemically affected by the light. 

These areas turn gray-blue in color. Later, 
when the print is "washed" as will be described, 
the areas turn dark blue. Areas which were 
protected by ink lines remain white. The result 
is a white-line reproduction of the drawing, as 
shown in figure 5-71. 

After a print has been exposed to light, it is 
"washed" in clear water. The areas which were 
exposed to the light turn dark blue. The areas 
which were protected are washed clean of their 
chemical coating, so that they will remain white. 

The print is then dipped In a chemical solution 
to "fix" (make permanent) the blue coating. 



The proportions of the fixing solution are 1 lb of 
potassium bichromate to 1 gal of water. The 
water should be at room temperature for mixing 
the solution. Place the potassium bichromate in 
the container first; add the water; and stir until 
all the chemical is dissolved. 

After the print is fixed, it is washed in clear 
water a second time, to clear it of the fixing 
solution. 

Sun Frames 

The simplest type of blueprinting equipment 
is the sun frame shown in figure 5-72. The frame 
has a glass front and a removable back. The back 
is removed, the drawing to be reproduced is placed 
with face against the glass, a blueprint paper is 
fitted closely against the back of the drawings 
and the back of the frame is replaced. The back 
is equipped with springs, as shown, to ensure 
close contact between blueprint paper and drawing. 

To make the print, the glass front is exposed 
to sunlight for about 20 seconds to 4 minutes, 
depending on the brightness of the sunlight and 
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Figure 5-71. — Blueprinting produces a white- 
line reproduction of oririn&l drawin*. 




45.292 

Figure 5-72. — Blueprinting sun frame. 



the sensitivity of the paper. To avoid guesswork 
as to time of exposure, it is a good idea to allow 
an edge of the blueprint paper to protrude outside 
the frame, and to observe the color change on 
this edge. When it has turned gray-blue, exposure 
is sufficient. 

The sun frame can be used only when the sun 
is out, and the size of the print it can make is 
limited to the relatively small size of the frame. 

Vertical Blueprinting Machine 

A vertical blueprinting machine (fig-. 5-73) 
operates on electric light and will accommodate 
prints up to the largest standard size. 




45.293 

Figure 5-73. — Vertical blueprinting machi^^ 

The machine contains a vertical glass cylinder, 
against which the face of the drawing is placed. 
A sheet of blueprint paper is placed against the 
back of the drawing, and the two are held in 
close contact by a roller-mounted curtain which 
Is extended around the cylinder and clamped 
tightly in place. Time of exposure is from half 
a minute to several minutes, depending on the 
sensitivity of the print paper. 

Vacuum Frame 

A vacuum frame (fig. 5-74) is operated more 
or less like a sun frame, except that the source 
of light is a standing arc lamp rather th*n the 
sun. The frame is placed horizontally for in- 
serting the drawing and print paper. It is then 
raised to vertical position for light exposure. 

The distinguishing characteristic of a vacuum 
frame is the vacuum apparatus which ensures 
complete, tight contact between the back of the 
drawing and the sensitive side of the print paper. 
A rubber sheet is placed over the back of the 
paper and a vacuum pump exhausts all the air 
between the rubber sheet and the glass front. 
The vacuum thus created brings the drawin^pd 
the print paper into the tightest possible colRt. 
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Figure 5-74, — Vacuum frame. 



As a result at this arrangement, vacuum frame 
prints have exceptionally clear, sharp white 
lines. 

Blueprinting Machine 

A blueprinting machine is used for rapid re- 
production of considerable numbers of prints. 
In a ll noncontlnuous l, machine, cut sheets are fed 
through for exposure only, and then washed and 
fixed in separate apparatus. The automatic blue- 
print machine (fig. 5-75) is fed from a roll like 
a newspaper press, and combines exposure, 
washing, fixing, and drying in a single operation. 
Details and operating instructions must be ob- 
tained from the manufacturer's manual. 

VANDYKES OR BROWNPRINTS 

A vandyke, or brownprint, is distinguished 
from a blueprint by the fact that it is the lines 
that are blue, while the background is white. 
A negative print is made first, by the same 
process used for blueprinting. On the negative 
the lines are white and the background dark 
brown; hence the term "brownprint," 

The negative is then used to make blueprints 
just as an original drawing is used — except 
that the resulting print has blue lines and a white 
background, instead of white lines and a blue 
background. An advantage of the system is the 
fact that the vandyke print, rather than the 
original drawing, takes the wear and tear of the 
reproduction process. 



BLACK AND WHITE PRINTS 

Black and white (BW) prints, like vandykes, 
have the lines colored and the background white. 
BW (often called by the trade-name "diaxxo- 
moist" prints, however, are made directly from 
the drawing, without the necessity for an inter- 
mediate negative. Prints in black, red, brown, 
or blue lines may be made by the use of the 
appropriate BW paper in each case. 

Prints may be made on a regular BW machine 
or on a blueprint machine equipped with BW 
attachments. A BW machine is a combination 
printer and developer. The drawing and BW paper 
are fed into a "printer 11 slot. When they emerge 
the BW paper is separated and fed into a 
1 'developer 11 slot. A print is dry and ready for 
use a few minutes after developing. . 

AMMONIA VAPOR PRINTS 

The ammonia vapor process (better known 
by such trade names as "diazao-dry" or "ozalid") 
also produces a print with colored lines and a 
white background, and also without the necessity 
for an intermediate negative. 

Ammonia vapor process print paper is coated 
with a chemical which is sensitive to "actinic" 
light (ultra-violet lamps, mercury vapor lamps, 
carbon arc lights, and the sun are all sources of 
actinic light). An area of the paper which has been 
exposed to this light will turn white when it is 
exposed to ? mmn nU vapor. An area which has 
not been so exposed will turn black, blue, or red, 
depending on the type of paper used. 

The process is again basically similar to the 
blueprinting process. An ammonia vapor machine 
(fig. 5-76 shows an "ozalid streamliner") is 
equipped for first exposing a matched drawing and 
print paper to actinic light, and then exposing the 
print to ammonia vapor. On the ozalid stream- 
liner the drawing and print paper are fed into a 
"printer" slot for light exposure. The machine 
is equipped with a separator device which sepa- 
rates the drawing (transparency) from the print 
paper. The drawing returns to the front (operator 
side), while the print paper continues in a dif- 
ferent route into the "developer" slot for ex- 
posure to ammonia vapor. The machine may be 
set to receive the prints from the front or from 
the back. 

At present, portable "ozalid" machines are 
generally used by the battalions. These portable 
printing machines have performed satisfactorily 
in taking care of all the printing needs of the 
battalion. Consult the manufacturer's handbook 
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Figure 5-75. — Automatic blueprinting machine. 



for the proper operating and maintenance pro- 
cedures for each particular machine. Your lead- 
ing PO can fill you in on those parts that need 
frequent maintenance, repair, or replacement. 
Be sure to have enough spare parts in stock at 
all times— particularly before the battalion goes 
on a deployment. 

PHOTOGRAPHIC CONTACT 
PRINTS 

The reproduction processes which have been 
described are all forms of contact printing, so- 
called because a print or negative is placed in 



contact with the original for printing. Another 
form of contact printing is photographic contact 
printing. Here the original is set in close contact 
with a sheet of special photographic paper, either 
by a spring or by a vacuum arrangement similar 
to that of the vacuum frame. The original may 
be on either transparent or opaque paper or cloth. 
The paper is exposed to light, and the print is 
darkroom-developed like an ordinary photograph. 

A photographic contact print paper has been 
developed on which an excellent positive print 
can be made directly from a transparent or 
opaque original on an ordinary blueprint, BW-, 
or ammonia vapor machine, without the necejatfy 
for darkroorr development. 
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Figure 5-76. — Ozolid streamliner. 



PHOTOSTATS 

The photostat method of reproduction is not a 
contact printing process like the others described, 
but a process similar to that of ordinary photo- 
graphy, except that the image is projected onto 
sensitized paper rather than onto photographic 
film, and the image is direct rather than re- 
versed as on a photo negative. A photostat nega- 
tive differs from the original and from the print 
in that its lines are white and background colored 
as shown in figure 5-77. 

An advantage of the photostat process is the 
fact that negatives can be reproduced from 
originals, or prints from negatives, in reduced 
or enlarged sizes. However, the best photostats 
are not as clear as good contact prints, and 
reducing or enlarging a print from a negative 
produces perceptible distortion. There is also 
some distortion when a negative is reduced or 
enlarged from an original, but it is very slight. 

PHOTOPRINTS 

A photoprint is simply a blueprint which is 
made from a photostat negative rather than from 
an original drawing. 



OVERHEAD OR OPAQUE 
PROJECTOR 

An overhead or opaque projector is not, 
strictly speaking, a reproducer, but only a ma* 
chine for projecting an image of a graphic 
representation onto a movie screen. It is similar 
to the familiar slide projector, except that it 
projects an image which is reflected from the 
surface of the drawing, instead of projecting an 
image by shining a light through a transparent 
film. Consequently, it can project drawings made 
on opaque material. The Salxman projector la 
shown in figure 5-78. It is very helpful in re- 
producing area maps from a small scale to a 
larger scale in preparing site plan drawings. 
As you can see the overhead projector slides 
up or down making it possible to adjust the 
projected image to exactly the desired scale. 
Some projectors have reversible lensee, which 
are used for enlarging or reducing drawings* 

TRACING TABLE 

The tracing table is nothing but an ordinary 
drafting table with a see-through glass top and 
a powerful light boxed-in under it. Generally, 
if you can get the glass top, the table can be 
constructed easily in your battalion's carpentry 
shop. Two ordinary fluorescent lamps, rigged 
under the table, will give enough lighting, as 
long as they are boxed-in properly. 

The tracing table, as the name suggests, is 
used primarily for tracing drawings. Depending 
on how the table is constructed, it sometimes 
will overheat, so be sure to switch off the light 
when you leave your work — even Just for a coffee 
break. 



FILING DRAWINGS 

For our purposes here, the term M filing ,f 
means (1) the protected stowage of a large 
number of items with the greatest possible 
economy of space, and in a manner which makes 
it possible for any single item to be readily 
located; and (2) the maintenance of a file record 
in which all items on file are recorded, and in 
which the record of any single item (including 
its location in the file) may also be readily 
located. 

Every important technical drawing is identifi- 
able by a drawing number. The number is assigned 
by the agency which made the drawing, and the 
agency ensures that there are no duplications of 
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Figure 5-77. — Photostat original, negative (reduced), and print (further reduced). 



number*. The first major file breakdown for 
drawings, then, is a breakdown into separate 
files for the different agencies which have sup- 
plied the drawings. Within each agency file, the 
most convenient way to file drawings and prints 
is by numerical sequence of drawing numbers. 

FILING ORIGINALS 

The following sections discuss the matter of 
filing under quite ideal conditions —especially 



with regard to equipment. Therefore, the equip- 
ment mentioned here may or may not be available. 

Original drawings, tracings, and negatives are 
filed flat — neter folded. For large items there 
are shallow-drawer file cabinets of the type 
shown in figure 5-79. There is usually a deep 
drawer at the bottom in which very large drawings, 
tracings, or negatives, rolled and placed^in 
cylindrical cartons called M map cartons," 
be stowed. 
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Figure 5-78. — Salt zm an overhead projector. 



Smaller items (up to size B, 11 in. x 17 in.) are 
stowed on edge in the standard deep-drawer type 
of cabinet, as shown in figure 5-80. Each drawer 
is divided into compartments by stationary parti- 
tions, and in each compartment there is a M com- 
pressor spring" to keep the drawings on edge 
and in a compressed stack. 

FILING PRINTS 

Prints, regardless of sire, are stowed on edgfc 
in the standard deep-drawer type of cabinet. 
Prints larger than sire B must be folded. A 
print is folded in accordion-pleat type folds, 
in such a manner as to ensure that the drawing 
number is outside after the print has been folded. 




45.298X 

Figure 5-79.— Shallow-drawer type cabinet for 
filing large original drawings, tracings and 
negatives. 



Final folded size should be 8-1/2 in. x 11 in. 
You should make yourself a plastic or plywood 
8-3/8 in. x 10-7/8 in. 1 'folding guide," or procure 
a ready-made one of these. The steps in folding 
a large print are as follows: 

1. Fold the print into 10-7/8 in. lengthwise 
accordion-pleat folds first. Lay the print face- 
down, and start by turning up the edge containing 
the drawing number, using the folding guide as 
shown in figure 5-81. Use a small block of wood, 
like the one shown in the figure, to compress the 
crease. 

2. Turn the print over and make the next 
lengthwise fold as shown in figure 5-82. Continue 
turning over and folding until the width of the 
drawing is used up. 
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Figure 5-80. — Drawer of cabinet used for filing small original drawings, tracings, and negatives. 




45.300 

Figure 5*81 . — Making first lengthwise fold in a 
large print. 




45.301 

Figure 5-82. — Making second lengthwise fold in 
a large print. 




45.302 

Figure 5-83. — Making first crosswise fold in a 
large print. 

3. Place the lengthwise-folded drawing so that 
the side on which the drawing number appears is 
down. Begin at the end which contains the drawing 
number, and make the first 8-1/2 in. crosswise 
accordion-pleat fold, using the folding guide as 
shown in figure 5-83. 

4. Turn the print over and make the next fold. 
Continue until the length of the drawing is used up. 

Folded prints are stowed in the same type of 
deep-drawer cabinet used for stowing small 
originals. Prints of drawings for active projects 
are generally placed on STICK FILES for easy 
reference . 

FILING DATA 

Data relating to drawings, such as correspond- 
ence, s lould be filed in accordance with Sec?^fc> 
Inst. 5: 0.11A (described later), or if a lim^i 
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Figure 5-84. — NavShipSysCom drawing file index card. 



number of drawings are affected, they can be filed 
by drawing numbers in a separate drawer or 
cabinet. If a separate folder for each project is 
maintained, such data must be filed in that folder. 



FILE RECORD 

A record of each drawing shouid be kept on 
an index card in a suitable file drawer. The dif- 
ferent agencies which produce drawings prepare 
their own types of index cards. The type of card 
issued by the Naval Ship Systems Command 
(NAVSHIPSYSCOM), for example, is shown in 
figure 5-84. A brief description of the information 
which would be entered in each of the numbered 
spaces shown in this card is as follows: 

1. The "numerical subject identification 
code" and/or the "name-title subject identifica- 
tion code." These classification codes are pre- 
scribed in the Department of the Navy Standar d 
Su bject Identification Codes M anual, SecNav In- 
struction 5210. 11A. A copyoftHTs "instruction is 
available in the personnel office and in the techni- 



cal library. The classification systems in this 
rnn niip i axe designed to meet the needs of the 
entire Department of the Navy for a single, 
standard subject scheme to be used in numbering, 
arranging and filing, and referencing various types 
of Navy and Marine Corps documents by subject. 

The Standard Subject Identification Codes 
System is generally employed by large shore 
activities, such as Public Works Departments, CB 
Centers, Brigade Headquarters, and so on. For 
smaller mobile units, such as the Battalion, the 
EA in charge of the drafting room or the Opera- 
tions Chief may devise his own indexing system 
for the filed drawings that suits the volume of 
records handled by his unit. 

2. The drawing number. As you can see, Nav- 
ShipSysCom calls this the "Plan Number." NAV- 
FAC calls it the "NFEC Drawing Number." 

3. The title of the drawing, taken from the title 
block. 

4. Cross-index references to any correspond- 
ence or data which may be on file relating to the 
drawing. 
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5. Number at the Bureau letter, if any, whloh Again, if a separate folder or drawer file is 
was forwarded with the drawing, maintained for each project, a notation must be 

placed in the folder as to where to find the draw- 

6. fc 7. The number and name of the A L E ings related to that project. The project number 
firm, oontrictor, naval shipyard, or other agency will appear in the cross-index block (4) of the 
which actually made the drawings. index card. 
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